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I. INTRODUCTION
When temperature-dependent feedback is considered in the nuclear
reactor dynamics problem, a nonlinear field equation in space and time
results [Ref. 1]. For the non-homogeneous, or multi-region reactor,
however, the space-dependent dynamics behavior following a nonlinear
initial disturbance is no longer reachable in analytical form.
Fortunately, by modeling the reactor as a system of finite regions of
interest where the neutronic properties are known, the method of finite
elements can be applied to yield the solutions. The fundamental concepts
relating reactor behavior to the finite element formulation have been
presented in 19 74 [Ref. 2], but a more recent work by Nguyen and
Salinas [Ref. 3] gives a thorough discussion of the complete problem.
That work forms the basis and starting point for this thesis, the
objective of which is to develop improved computational methods for
dealing with that finite element formulation.
In Reference 3 the dynamic flux equation under prompt feedback
conditions was given as
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for each non-homogeneous zone "m" contained in the reacLor body,
where the usual symbols are employed:
X = v l £ /I - 1m fm am
K = e l £ /p C (°C/unit flux-sec)m fm m pm




p C = heat capacity
a = reactivity temperature coefficient °C
h = convection heat transfer coefficient
A/V = heat transfer area to volume of energy
generation ratio
E f
= neutron fission cross-section
£ = neutron absorption cross-section
a r
v = neutrons emitted per fission
e = energy produced per fission
The subscript "m" will be omitted from further discussion for simplicity.
The transformation of this general equation into a problem in
finite dimensional vector space begins by constructing the following N
term approximation
N
ij>(x f t) = iC(x,t) = ? <K(t)G, (x) (2)
where N is the number of degrees of freedom, or nodes, in the space,
and the G. are the basis functions of the approximate solution space
The Galerkin method seeks to make the residual
R(x,t) L j - f
,
where Liji = f is the field equation, othogonal to each of the basis
functions so that
This discussion leading to the establishment of the matrix
equations is essentially an abridgement of the development given in
reference 3.

/ G (x)R(x,t)dx =0 i = 1, 2, ... , N . (3)
For the nuclear reactor dynamics problem of Eq. (1), the residual
becomes
2
R(x,t) - !? - V DV2^ - VAI J + wE I
2
— 3t a a (4)
with VaKE = w . Putting this expression into Eq. (3) and integrating
a
by parts (a distinct advantage of Galerkin) , the following coefficients
emerge
IJ "/AGv rdrdzK. (5a)
IJ
S L
3G, 3G T 3G T 3G,
+
3r 3r 3z 3z
rdrdz (5b)
C
IJK = iI G I GJGK rdrdz (5C)
I,J,K = 1 N
in cylindrical coordinates where dS = rdrdz. This allows Eq. (1) to be
written as follows for the case of uniform neutronic properties within each
reactor region m.
N N
I Au*j " vi
J=l
D









This becomes, upon combining constants, in Einstein summation convention,
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With boundary conditions, the system is now well posed and ready for
solution. The equation-solver must be chosen with care, however,
because this system of ordinary differential equations is both stiff
and non-linear. "Stiff" is used here and throughout this thesis to
denote a system which gives a large response to a small stimulus; in
this case, the nature of the reactor dynamics problem predicts a large
2
change in flux over a small change in time. Current experience
suggests Gear's predictor-corrector method [Ref. 4] as written in the
computer programming code DVOGER [Ref. 5]. It requires only 1) the
locus (value) of the points at a given time, 2) a routine to evaluate
the instantaneous derivatives at any time and 3) a routine to evaluate
the Jacobian (J = 3f
.
(ij>, t)/3^
. ) . Based on this information, the program
assumes a time step, which may be quite small (the minimum size being a
function of the particular computer) , and tries to fit a trial (predicted)
solution for that time interval. The corrected (integrated) solution is
then obtained by iteration until convergence is attained. If the
predicted and corrected solutions fail to match within a specified error
criterion, the time step is decreased and the process repeated. On the
other hand, if "excessive" accuracy is attained, the next attempted
time step will be increased. Gear's method in DVOGER is well suited
to stiff non-linear systems. Also contained in DVOGER is the Adam's
2




method which parallels that of Gear except that the Jacobian is not
computed. Lacking the additional information about the rate of change,
the Adam's method must proceed much more cautiously with stiff systems
and hence marches forward with exceedingly small time steps. Present
experience confirms the caveat advice given by DVOGER that the Adam's
method is not intended for "stiff" cases.
The difficulty that arises from acquiring solutions to Eq. (7),
then, should not, and, in light of the present experience, does not
result from DVOGER or any other acceptable equation solver, but is, rather,
a function of matrix size, vis a vis the number of nodal points in the
finite element approximation. The finite element modeling of large
reactors or the close scrutiny of small ones is severely restricted,
therefore, unless the number of nodal points can be raised significantly.
As an example, the test case considered in this thesis consisted of only
38 nodes but, when processed directly from Eq. (7), required over 300K
bytes of storage in the IBM 360/67 computer. This requirement came
largely from the [A] [C ] matrix alone needing a size of 4(38x38x38) =
219K bytes in single precision. Manipulations with this cubic were
indeed quite burdensome. Since machine processing time is, other things
being equal, dependent on size, the combined time and space requirements
would prohibit the consideration of even moderate sized problems except
on the largest computers. Additionally, the inversion of [A] in Eq.
(7) is indicated in order to provide an explicit value of \\> for the
DVOGER routine. It is this difficulty of size, and with it processing
time, to which the remainder of this thesis is devoted. Experience with
the DVOGER routine is presented, and the author's equation-solver based on
12

a Crank-Nicolson formulation is discussed as the analysis of the size
problem is developed. Table I shows clearly the influence of matrix
size on computer storage requirements.
13

II. REDUCTION OF THE NONLINEARITY
A. GLOBAL TREATMENT OF THE NONLINEARITY
The evaluation of Eq. (7) generates the following global matrix
system, where the subscripts indicate the matrix size required for N
number of nodal points
[^xn]{*Nxi} = [
BNxn]{W} + [CNxNxN]{'|, (NxN)xl} (8)
2
where i|) is the time response of the flux at each nodal point and \\>
is the product ^.^. i»j = 1>2, ... N. Solved in this form, the major
3
limitation of the procedure was the large N size of the cubic array
C, which is introduced as the result of the nonlinearity of Eq. (1).
With this size requirement rapidly increasing for a finer mesh consisting
3
of more nodal points, the investigation of Reference 3 was limited to a
small but practical N of 38.
B. TREATMENT ON THE ELEMENT LEVEL
The cubic form of C need not appear if it can be shown that the
nonlinear portion of Eq. (8) can be broken apart into the product of
two linear components such that one component can be evaluated on the
element level and the element contributions then summed into global form,
3
In general, for a nonlinearity of order m, a finite element
problem of N nodes will generate a matirx size of Nm ^.
14

resulting in a "regular" NxN matrix C* ready for multiplication by
the remaining ty also summed to the global level. Proof that this is
indeed the case, i.e.,
[
C
Nx(NxN)|{ ,|; (NxN)xl} [SxnJ {^Nxl} (9)
is outlined as follows:
Reference 3 established the element nonlinear term as
/A^vw^^ijkV *k(t) (10)
where the integral is over the element area A ,
Cijk
=
Jl ^j Ck (re^e)drdz ' ijj ' k ' e = 1 ' 2 ' 3 (11)
and £ being the local triangular coordinates, an innovation of Felippa
[Ref. 6]. The coefficients C. ., form a 3x3x3 element array possessing
a regularity which suggests a kind of "cubic symmetry." The evaluation
of this integral results in the following expression

































^^ + 24r 2
+ 6rJ
C






Y - frA /180
e
c = r = c
121 112 211
C321 C231 " C213 etc as in Ref. 3.
2 2
Assuming that ty may be broken apart as ty = \\> • <j>, the LHS
(left hand side) of Eq. (10) is rewritten as
ffwsw i,j,k = 1,2,3 (13)
or










r dr dz (14)
Expanding and collecting terms yields
2tt //«k *1 *l (rl C l +W 2 + VlC3>
+ jC^cJtj + r2 c1?2 + r3?lC2C3 ) (15)
+ +3(^3 + r2ClC2 C3 + r 3Cl^)
+ *2 K (W 2 + r2^2 + W2C3> + ^2 (rri^2 + rl4 + r3^3 }
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+ VW2 ? 3 + W3 + W3 }
+
^




1C1C3 + r^C* +^ dr dz k = 1, 2, 3
Since the quantities if» and <J> . (i»j = 1,2,3) depend only on time,
they are unaffected by the integration. Further, the expressions
inside the parentheses are given a unique name d. ,, to fix their
position in relation to a particular ty.fy. f° r some k = 1,2,3. Now
the above expression may be written as
2tt if>.d>. // d. ... dr dz
.ri Y j JJ xjk
(16)
Using the integration formula from Felippa [Ref. 6]
//
I m n , ft!m!n!




where £,m,n are the exponents of £ in a specific d... . The integrationijk
of (16) gives
(ttA /180) iK4>. f . ..
e i Y j ijk (18)
and f , x ttA /180 is identically equal to C. ., of (12).
x j tc e 13 *£
The indicated summation is conveniently expressed by




which is immediately recognized as y a = C
. ,
, the desired 3x3
*
element matrix. In this form it is combined into the global [C„ „] ,NxN
and the linearization has been accomplished. As will be shown later,
it may be convenient to let d> = \b , when for small At.' 6 B
t-At
1. s ^ . This approximation is useful for predictor-corrector
equation solvers in order to allow construction of [C„ „1 only once
NxN
for each successful time step.
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III. SOLUTION PROCEDURE WITH THE LINEARIZED FORM
For clarity, throughout the remainder of this thesis the following
3
naming convention will be used: N denotes the nonlinearized direct
treatment by DVOGER as solved in Ref. 3. "Linearized approximate"
indicates the linearized technique based on element level multiplication
of C by lP
t._ At ' The "linearized exact" method, however, is the element
level multiplication of C by the trial ip . The compact, or Nxp
formulation may be used with any of the linearized methods in addition
to the CRANKO treatment discussed later.
A. GENERAL TREATMENT OF THE MATRIX EQUATION
Solution of the matrix formulation of Eq. (8) involves clearing
the LHS to provide a discrete relation for each ip, . This is accomplished
either by iteration, which yields an approximation, or by matrix inversion,
which has the advantage of giving the individual ip, explicitly. In
3both the nonlinearized N and the linearized NxN forms, Eq. (8) is
reduced with multiplication by [A] ; thus
[AfVui) = [A] _1 [B]{^} + [A] _1 [C<j)]{^} (20)
2in the linearized \p = $\p case or as
[AfVui} - [A]" 1 [B]{ lf)} + [Af^CJU 2 } (21)
for the direct, nonlinear, formulation. This results in




[C*] = [C4>] or [C)W (23)
as appropriate. The point here is that the [AB] and the [A ] are
formed once and for all based on the time independent properties and
geometry of the problem, whereas the [C$] must be computed for each time
t. Although the construction of the [C] is required only once in the
3 2direct (N ) method, it must be additionally multiplied by {$ } at
each time step.
B. PRACTICAL CONSIDERATIONS WITH THE LINEARIZED TECHNIQUE
Relating Eq. (22) to the demands of the subroutine DVOGER, which
involves the evaluation of ip for every trial value of i/j, it is
apparent that the construction of [A] [C^]{i^} for each of these trials
could be a time consuming process, and hence a serious drawback of the
linearized treatment. Noting, however, that for small At,$ s& i/>. Al_>
the approximation [Ci>] ^ [Cip ] , where <f> = i); , overcomes this
disadvantage by allowing the construction of [A] [C<f>] only once for a
given time t, regardless of how many trial solutions are attempted by
DVOGER. Equation (22) can now be further simplified since [A] [Ct}>]
is readily combined with [AB] to reformulate the problem as
W = [C**]{*} . (24)
Thus, although the linearized form can be handled exactly, i.e., with
4> = i|>, it may be more expeditous to establish the [C ] only once per
valid time point, (that is, where the convergence criterion of the equation
solution has been satisfied). In this case, the linearized treatment is
then an approximate technique in that $ = i(i . 4 tyt >
20

C. DIFFICULTIES WITH THE APPROXIMATION
The simplification expressed as Eq. (24) works extremely well when
used with DVOGER as long as large changes in ib are incurred by small
At (the so-called "stiff" system). When the solution approaches steady
state, however, ip approaches zero faster than (ip - 4> )/At does,
and this causes a second kind of perturbation wherein the system becomes
increasingly sensitive to small changes in ip - ip
_..
• Apparently
DVOGER requires very accurate ip information. The tj»(t) provided from
i> / \ x ip , ._* does not match the DVOGER prediction of ip, J_ si which isr (t) (t-At) r (t)
2
based on the assumption that if), . was generated by ^/^s* This
discrepancy in the neighborhood of ib * causes DVOGER to be unable to
recognize the steady state solution. Prepared especially for stiff
systems, the equation-solver expects, instead, a large scale change in
ib. The time step is therefore reduced accordingly, which means that very
slow progress is made in the steady-state region which is otherwise
handled quite rapidly under the exact methods. The implication here is
that, in those cases which reach terminal flux values rather early in
problem time, the exact formulation of the linearized treatment is to be
preferred, even though the [C ] must be computed for each attempted
ib. .. This aspect has been analyzed for the test problems considered,
with the results given in Table II.
21

IV. THE Nxp COMPACTING SCHEME
A. ESTABLISHED COMPACTING METHOD
The problem under consideration here, being of the form A. ,i|>, =
B.(^', ... ifO , is formally handled by multiplying through by [A]
,
discussed earlier. For large matrices, the inversion process, and indeed
all matrix operations, become extremely costly in terms of machine time
and storage. The fact that the matrices may be banded or symmetric does
offer significant economy when the matrix is not inverted. For example,
a symmetric NxN matrix may be stored as NxN/2. For matrices resulting
from finite element formulation, the numbering schedule determines a band
width to be used with conventional compacting schemes. In the finite
element case, the difference is compared for each node in the mesh. The
largest of these differences plus one equals the minimum band width
allowed. For example, node 7 in Figure 1 has a maximum difference of
13 - 2 = 11, whereas node 22 has the largest difference (37 - 10 = 27)
for the system. Thus the resultant minimum band width would be 28. As
the mesh increases in nodal points, the minimum band width must also
increase in response, no matter how adroitly the numbers are assigned.
Regardless of how sparce a matrix may be, these schemes all ensure that
the "compactness" grows commensurately. In addition, the calculation of
an inverse becomes ever more unpleasant, especially since this operation
on a sparce matrix generally results in a dense, nonsymmetric inverse.
22

B. BASIS FOR THE COMPACTING SCHEME
In solving a matrix equation A..il>. = B.(ii. , ... , ib ) it is not
ij J i 1 N
necessary to form the inverse, but rather, multiply out the left hand
side and rearrange to obtain a set of equations:
<h = (B.-A. .ijO/A.. (25)i i ij j ii
where i,j,k =1, ... N. This procedure is especially suitable for
sparce systems since the number of non-zero A. . entities will be small.
' ij
Further, if these non-zero A., can be located and tagged with an
identifier, then they may be stored together in a dense array, thereby
replacing the standard NxN size matrix by an equivalent array of size
Nxp, where p is the maximum number of non-zero entries on any one row.
This type of compacting is especially well suited to matrices
resulting from finite element formulation, with p determined by the
choice of the finite element and the discretized model. In the case
under study, a linear triangular element is used such that, when assembled
on the global level, it forms, for the purpose of illustration, a network
of interlocking hexagonal polygons, each having an apex located directly
over its parent central node. Such a pattern is sketched as Figure 2.
Note that the sides are indeed the contributing "neighbor" nodes. Boundary
nodes will, of course, be missing any "would be" contributors sought in
the boundary exterior. In a regularly drawn system, as in Figure 2, an
interior node will have six neighbors plus itself for a total of seven
contributors. That is to say, that no matter how large the system of
mesh points, a relation describing the effect of the system on any given
point would contain a maximum of seven non-zero values.
23

Geometric considerations or a desire to examine some area of the
mesh more closely may result in systems of irregular discretization
wherein the maximum number of entries may be greater than seven. This
analysis may be extended to consider other finite element shapes in a
similar manner.
C. CONSTRUCTION OF THE Nxp ARRAY
To utilize this attribute of finite elements to produce the dense
Nxp system, it is necessary only to construct a table of nodal points
listing their contributors. This table, or connectivity array, is then
used as an index to locate the values of the various quantities associa-
ted with a particular node. All the standard matrix operations can be
performed on these compacted arrays, but the construction of a matrix
inverse has no usefulness since a NxN system is then reconstituted from
an Nxp array.
As an example, construction of the connectivity vector associated
with node 18 in Figure 1 is
[18 17 27 26 19 14 13 12]
and the vector associated with node 6 is
[6 11 7 21 0].
The contributors may be entered in any order except that, for computa-
tional ease, the central, or "parent" node is the first element. These
vectors are collected into the node neighbor connectivity array of size
Nxp, or, for Figure 1, 38x8.
24

To multiply a Nxp array of a.. elements by a vector of b.
elements, a search of the connectivity array is performed on the "i"th
row to locate a match for the b.. When the match is found, the values
represented by a.. and b. are multiplied together resulting in a new
C. vector. If the system is correctly formed and compacted, there
always will be a match.
The compacting scheme is bound by the geometry of the problem, and
as such, has meaning only as it pertains to that problem. For example,
operations with two equi-sized Nxp arrays of different connectivity
relations cannot be performed. This is in contrast to regular matrix
operations where the restriction is only to size and not to origin. A
short computer program to demonstrate the operation of this Nxp scheme
is given, with results, in Appendix C.
25

V. THE CRANK-NICOLSON FORMULATION
Recognizing the very sparce nature of the system of differential
equations formulated by this problem and, if the matrix inversion process
is to be avoided, the necessity of iteration, a straightforward attack
based on the definition of the derivative (finite difference) appears as
a feasible alternative to the DVOGER technique. One such approach was
presented by J. Crank and P. Nicolson in 1947 [Ref. 7] and has been
discussed in many works throughout the ensuing years. This method has
been shown to be unconditionally stable. An adaptation of this method
is given here as follows:
In the general sense, a matrix formulation of a set of linear
differential equations, can be represented as
A.
.$. = C. .i>. + F. (t)
13 J i] ] J
i,j = 1, . . . , N (26)
where ^ is a function of time. For the case of an initial disturbance
as the forcing function, F(t) = for t > 0. Focusing attention for
the moment on a particular equation and expressing [16] in terms of the





















letting D = (2/AfA)-C, E = (2/AfA)+C, <j> = ^ t_ Afc then, returning






i* i.J = 1» .-» N . (30)
This constitutes a set of linear simultaneous equations which may be
solved by any convenient method. Chosen here is Gauss-Seidel iteration
[Ref. 8] which is well suited for the problem at. hand since, the sum of
D. .iK and E..d>. will contain very few non-zero terms, thereby incurring
relatively small roundoff errors regardless of system size.
This procedure, which also uses the Nxp compacting, has been
written for this thesis as the computer code CRANKO. After receiving
the matrix information and control parameters from the calling program,
CRANKO first builds the C matrix of Eq. (26) for the initial <\> value.
Then it selects a trial time interval and, forming the equation set (30)
based on this At, attempts to find a solution satisfying a specified
convergence criterion based on a relative error. If no satisfactory
solution set is found after a number of iterations, a smaller At is
selected; and, after recomputation of Eq. (30), another attempt at
convergence is made. The successful solutions then replace the previous
ty thereby forming the starting point for another cycle, beginning with
a new computation of the C matrix. The choice of At is the control-
ling factor. The scheme employed counts the number of iterations required
for a solution. When an increasing number of iterations indicate greater
difficulty, the interval At is decreased; whereas, if fewer iterations
are required, the time step may be relaxed and made larger. Experience
with the CRANKO routine establishes this method as an extremely fast
technique for solving this type of problem.
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For those readers unfamiliar with the Gauss-Seidel iteration scheme,
a simple example using a 3x3 system is given:










































(d2A + d 23*3)]/d22












+ d12*2 + d13*3
= e
l
l" [el" (d12*2 +d13*3> 1/d ll
d
21*l





























VI. SUMMARY OF AVAILABLE METHODS
For clarity, the innovative computational tools introduced in this
thesis are summarized. First is the linearizing of the governing equation
Eq. (8) by the multiplication on the element level of C... by \p .
From this development, two options appear feasible: either the exact
computation of [C ] for each trial ty, or the approximation of
\l> st ^r_ Ar to allow the construction of [C ] only once during the
search for a new ty . This approach uses, as does the "direct," or
nonlinear treatment involving [C], the inverting of [A] to clear the
LHS as shown in Eq. (22).
The second innovation is the reduction of the NxN matrix to a
smaller Nxp compact form based, not upon the mathematics of the problem,
but upon the geometry of the finite element model. The same solution
methods may be used, with the only difference being that the inverting
of [A] is replaced by iteration. This iteration can only be as accurate
as the imposed error criterion. For large systems, however, where the
[Aj produces a full NxN matrix on the RHS, this iteration is
especially beneficial.
The last contribution was the development of a new equation-solver
based on a different theory than the DVOGER routine. The new code deals
with the differential equations directly and employs the Nxp compacting.
30

VII. TEST PROBLEMS AND RESULTS
A. THE PHYSICAL MODEL
A cylindrical nuclear reactor consisting of a core region and
blanket having overall a height of 220 cm and a diameter of 180 cm was
modeled for the test problems. As shown in Figure 1, a radial slice
from this reactor was discretized by a finite element of 54 elements and
38 nodal points. After a detailed analysis of this mesh was completed,
preliminary investigation was begun using a model of 220 elements
(Figure 3).
B. COMPUTER PROCESSING CONSIDERATIONS
All programs were written in the FORTRAN IV language and processed
on the IBM 360/67 computer using the FORTRAN 'H' compiler. The results
presented in terms of CPU storage requirements and processing time ought
to be indicative, in a relative way, of those obtained from other machines.
Single precision (seven significant digits) was used throughout the
investigation, with the results later verified using double precision
(fifteen significant digits). The observed relative discrepancy was less
than .01%. It is recongized, however, that for larger systems a more
significant difference may result.
C. PROBLEM ANALYSIS
The three techniques discussed have been incorporated into computer
codes and have been tested on those problems described in Reference 3,
namely, the dynamic reactor response to 1) a disturbance at the center,
2) a uniform disturbance throughout the core, and 3) a disturbance occurring
3




matrix (an Nx(N ) array) equation was solved in Reference 3, and those
results are used in this thesis as a standard for comparison. The
computer codes developed here have been constructed within the framework
3
and parameters of the original N program, thereby allowing any
discrepancy to be attributed to the technique employed. For each tech-
nique and disturbance, the flux at three sample points was recorded
throughout the time history of the solutions and written onto a computer
storage device. A separate program was written to process this infor-
mation and produce the correlations in tabular and graphic form. The
graphic results are presented in Figures 4-21 for the center point
(R = cm, Z = cm) , a core point (R = 40 cm, Z = 40 cm) , and a reflector
point (R = 75 cm, Z = 80 cm). Table II lists the specific programs
employed arranged by disturbance type and gives parameters such as
storage requirements and computer processing time.
1. Solutions with the CRANKO Subroutine
All techniques appear to give acceptable accuracy, however
there is a startling difference in processing time. The CRANKO subroutine
was able to accomplish in seconds the work which required minutes for the
DVOGER subroutine (See Table II). The steady state solution given by
CRANKO was in every case higher than that obtained by DVOGER. The
implication here is not clear since there is no analytical solution
available to represent the exact answer. In general, the transient
solutions agreed well, except for the oscillation of the CRANKO solution
in the early stages, most clearly depicted in the extreme case of Figures
8 and 9. This fluctuation is most likely the result of inadequate control
of the CRANKO time step selection where apparently an interval has been
chosen which is too large to maintain good accuracy. It is noteworthy,
32

however, that the technique is so stable that even after large deviation
it is able to recognize the error, correct itself, and return to the
solution curve given by the DVOGER routine.
2. Solutions with the DVOGER Subroutine
The linearized technique using premultiplication by the previous
time step flux (\b
.
) conformed to theoretical expectations. As thet-At
steady state solution was approached, this method proceeded with in-
creasing difficulty. Hence much more processing time to advance through
the steady state was required.
3
The direct N method, on the other hand, has no difficulty
in recognizing the steady state and marches forward with large time
increments until problem termination. A very successful effort was made
to use the exact treatment with the linearized technique. As expected,
more processing time was consumed in getting to the steady state due to
the requirement to recompute the [C <p] for each trial ty, but once the
steady state was approached, the procedure progressed rapidly as in the
direct treatment. Comparing the direct with the linearized exact method,
theory developed in this thesis predicts identical results with twice
the computing time required by the linearization. As shown in Table II,
this is indeed the case. The largest relative error observed between the
two methods was .06%, which is attributed to roundoff steming from the
doubling of the computational requirements. When the greatest accuracy
is required, the exact treatment with linearization may therefore prove
the most useful, especially if the problem rapidly reaches steady state.
This discussion of the linearized technique is applicable both to the NxN
method or to the Nxp compact method. However since the Nxp method




D. EVALUATION OF ERROR
The error analysis for these procedures must remain subjective as
there is no "correct" result. Several sources of error are present and
deserve comment. Tests were made with both EPS = .1 and EPS = .01, the
error criterion for the DVOGER routine, and little difference was noted
for the large increase in processing time. [EPS is defined by DVOGER as




*—* J. The convergence criterion [relative deviation of any
i=l MAX
\b. between successive iterations] for the iterative solutions in CRANKO
1
was varied by tenths from .01 to .001 with the result of producing higher
steady state values of only a few percent as the criterion was made more
stringent. Processing time for this variation increased only a few
seconds. Double percision trials for the linearized DVOGER method and
the compact CRANKO were made with neglibible difference.
The grid of only 54 elements theoretically introduces the largest
source of error from the "true" solution. With the techniques developed
in this thesis, a finer grid size of 220 elements has been implemented
into the CRANKO and the linearized codes. Because the linearized code
(DVOGER) requires about 566K core size, extensive testing with this
technique is not anticipated, but the CRANKO routine which requires only
188K is currently being investigated. As the results of this investiga-
tion become clear, a better understanding of the error induced by each of




It appears that nonlinear differential equations resulting from a
finite element formulation (or for that matter finite differencing) may
be succesfully reduced using the linearizing technique developed in
this thesis. The compacting scheme for matrix equations effects gross
savings for storage of large systems (Table I) and becomes even more
attractive when the inverse of a matrix is either not desired or required.
The Crank-Nicolson formulation coupled with Gauss-Seidel iteration as
expressed in the computer code CRANKO has demonstrated itself to be a
viable, extremely fast technique for the solution of differential
equations. Further improvements to the CRANKO routine, specifically in
regard to better control of the time step selection, may improve upon the
attractiveness of this approach.
Development is warranted in several areas. The computation of the
Jacobian using iteration must be formulated in order to use the DVOGER
subroutine with the compact system. DVOGER itself might usefully be
reviewed to reduce its size requirements also. Investigation of the
problems using the fine mesh size of 220 elements is continuing. This







IBM 360/67 CORE REQUIREMENTS
in K Bytes
SYSTEM NO. NODES OVERHEAD MATRIX STORAGE TOTAL
NxN
2
38 100 225 325
NxN 38 100 35 135
Nxp 38 100 12 112
NxN 132 150 418 568
Nxp 132 150 38 188






38 NODAL PT. MODEL
METHOD
PROCESSING TIME (MIN) STEADY-STATE
































1. Processing time is that time required by the program to reach one
second in problem time. Steady state was obtained for each run.
2. .01 & .1 pertain to DVOGER error criterion EPS. All NxN trials
used EPS = .1 CRANKO used iteration convergence tolerance of .0001.
3. Double precision (DP) trials showed a difference in the fifth
significant digit when compared to the SP counterparts.
3
4. NxN approximate technique proceeds as rapidly as the N method
until steady state is approached. This has been verified by
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DEVIATION FROM N SOLUTION AT REFLECTOR POINT Z=80cm, R=75cm
AT REFLECTOR TEST POINT














TIME DEPENDENT NEUTRON FLUX AT REACTOR CENTER
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DEVIATION FROM N SOLUTION AT REACTOR CENTER











TIME DEPENDENT NEUTRON FLUX AT CORE POINT Z=40cm, R=40cm
FOR A UNIFORM DISTURBANCE






DEVIATION FROM N SOLUTION AT CORE POINT Z=40cm, R=40cm
















TIME DEPENDENT NEUTRON FLUX AT REFLECTOR POINT Z-80cm, R=75cm
FOR A UNIFORM DISTURBANCE








DEVIATION FROM N SOLUTION AT REFLECTOR POINT Z=80cm, R=75cm
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TIME DEPENDENT NEUTRON FLUX AT REFLECTOR POINT Z=80cm, R=75cm
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I. DISCUSSION OF PROCEDURES
II. FED-2 LINEARIZED LISTING
III. FED-2 COMPACT Nxp LISTING
IV. DATA PROCESSOR LISTING




A. The FED- 2 Programs
Both of the FED-2 programs consist of a small calling program which
initiates the problem. The rest of the program is stored in the computer
library. The advantages of a pre-compiled main program in time and
convenience is clear, but the use of dummy dimension statements to
pass data storage throughout the calling of the external subroutine
DVOGER and its user-supplied subroutine appears as a trick not normally
considered possible with the FORTRAN language.
3When the original N FED-2 program was written, every available
device for reducing storage was attempted. Thus, where properties are
normally summed over areas in the finite element method, the operations
were carried out on the nodal points, since there are always fewer node
points than elements. The new FED-2 programs continued these procedures
not only to provide a valid comparison but also because this economizing
technique is felt to be fundamentally sound even if unconventional. Employ-
ing this device, NFULEL is the number of node points associated with the
core (fueled) region, whereas it would conventionally be the number of
core (fueled) elements.
For these programs, three interest points IPTl, IPT2, and IPT3, may
be selected for detailed investigation, since the purview of information
produced by the printed output of these programs is quite large, making
detailed study difficult. The time history of the neutron flux (PSI) at
each of these interest points is recorded throughout the problem in an
array BATCH. If it is desired to use this collection, it can be written
onto a computer storage by the inclusion of additional JCL in the GO step.
In this manner, data was saved for analysis by the data processing program
used in this thesis to prepare the graphs of Figures 4 - 21.
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An options chart and a schedule for FED-2 input data deck listing
are included in this section in addition to a listing of the programs.
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OPTION SELECTIONS FOR FED- 2 PROGRAMS
NCOUNT
= PREMULTIPLICATION BY i>rt-At
= 1 PREMULTIPLICATION BY $ TRIAL
MTH
= 1 DVOGER, Jacobian must be supplied
= 2 DVOGER, computes its own Jacobian
= DVOGER, doesn't use Jacobian
= 5 CRANKO routine specified, DVOGER not activated
ERRVAL
1- used internally by DVOGER, card input value
has no effect
2- used by CRANKO, it is the convergence criterion
for satisfactory ty values
EPSVAL
1- convergence criterion for DVOGER
2- for CRANKO, sets the relative problem time











K-H- UO<h LU a
22>- >&> x -JO
MOJ(iU.lQuUJ K <l—OS<I CC -J >3
aujOt— ac^a. a: < arcojz au u > uj^
-nu:D2U-u_a: a: i-ac
< o*-" Q o uj 21—
ooino <<t ^ h-~)^z:
o<r <s>>-4-->uj 2 2< o
2:_ji*:i-cx:fjx:h- <r -<>luo302luuj< a: ccz
SOt-4ULl(—hQ O LUUJ>-«LU
LU2 DC SI >-<-< CX. ujSi— i—o OO
h-<ujLua.a:Z) a: iusmz o f-
oow(-_IOO O Snt-MQZ 2T
>-Q£XLU C£ U_ •*—•!— LU LU
OOt— LU UJLUO lOt— n'JJ'-SU. 5T
LLOULL XC IiliSOO UJ
11.U.1L0ZZ uoh^k'-'J ccOOQ uliluo: hlci-ak _j:£ •—
c^ooo m(-<zs: <tuj 3
cc oi or uj oi cc i— «3:ujf— Miut" cc o
UJLULUcfVJJLUOC£00 5:v0lJ_.t— VOh-?*: U!
CCC0QD5:>>UJlU |_IU(.^3 &.
si s: s: _d22 -jo2 cc s: 2:< _j lu2
D^DZOOUJOOLULULU _JO |-ZZZ 00<-/>>H-.0-J_JH-<rr£X ^
lu OH-omcQoo5:<r<r o.
LULULuxLuiuiu a. >00 a: 00 .j:*: 2IIIf-III^OOliQiw *-*
I— h— f— I— — I—O Q- a. LL LU LU LU
00 U_LU—I XXX LU
OO 00 O0 O0t—« 00 OO 00 X<T:UUJUJt— f— V— X
:Ti_i—<-< _<_.«—. HOCTII H-
LU _J UJ UJI— t— t— 000000
— Q. LU—I —I I— ^- </}> wt-'M IUw2J Q K<t 2 l~"—| UJoO<>0 1/: <x00LUCQ3>>-^H- uOmwmZXZ <






•fr Hj O'JJ •
* KM 000 00# cc DK JM K
* O O OLU 2
* f- l • a: 00 000 UJ
•» ouu>- X> - 1 SL# h- <"*l~ acO 2 00 LU
*• O OJO_>-t •jj>—1 1 00 OC
*• < cc cc i5> ^x> •—4
* Q. x< Cuj 2< 3
*- s: 00!— LU *» >a: <o O
# <-«2 O aa oi UJ
* JJ2>-" LU o>- o£
£-
•
2 _) O (Dei. co
» <\j .-ilU 1 — X> h-LU 2 O
*• 1 JU2 -J_l X OO 2
*• Q 1 <o 000 UJI- UJ »—
<
•«• LU 2Q-2: ZZ _)- o> 2
* LL Qo0 —< 1 — CDLU LU-J O
•* 2 UJ *-~ • < 00O »—
t
» 5! ->X _JU_UJ<00 00
•8- <I u_<ri- a:o <-<Ot~cQ 2
* CC ozr LUii < < a UJ
* O OLU oz >ZOluZ 2:
•«• O 2—'O o< <oclz< I—
«
* cc OoOO >a! >—Oh
* a. >-<2a Qu OOK 1-2
* »— LULU 1 i zui-_io •
*• x>:>:ac »-l(M OLuzo»--2r 2
* Jm •-"-JLUiaiH-O <
» 000 h-UJC£ <Im
* 00 t- 00 CLOOcXO—IH- 00
# o^o< CC.# -2Z xuzsa: UJ




# SZt- LU <30unw 3E
* LU>—i<S s. <
* -J O 1 1 QC
*- WOO** 2 ft r\! <
«• O-J 00 a.
* LU>-hQ_ —1 z
# -st-" K I-
* —Kit— 3 1—4 3
* ZZJ —I h- O.
* —>o O 0. 2










_j z h- 00O









UJLUO 00 2 OX
000 t— >-M -
u.at O 2 h-2<DZ O0UJ Q OO
CQ
_J h-z UJ ZK
o_x>uj Zlu H- Z
2 LU_J UJi—
1
WOXK Z'JJ UJ J.Z<<Z LU _l
DlLSS Jh UJ _J
Zt/>XUJ LULLi 00 mt—
-•
_J *: -o
Q.ILZUJ UJ2 UJ O.UJ
CO •—< o:< c£ "-'a:
o.oz-nj O-J < *•!—i3ZI oco (MO
zm a: C<*1 >—
u. LOOO \— Q-O
_li—(-Q UJUJ •—UJ
LUZ O 1— f- t—
*
*¥-SDIZ 00 F-ttfOO 00 ZZ *• H- LUZoO> UJUJ CM O-OO












































































































































































































































































•. «-0 — (\J •• » »Ouj «-> {{• tOUJ > M--K-*
».—
-»(\j •.O0(r)~» -^ UJC0_|<Q- ujco-j<rc_
-»l\|O0O0— ''O —ifNj r-




K< •-—1< J—< •-—l<
«-i—1 —< t— 00 --» CC '•* + t-4(J5oj<UJ hCO<UJMww^MCil-w a. I— co - *cC \— CO •• «*CX"
<^u_<is:^coo> z * ~Cu~Z<t «- »aiSI<l
—lOOUJOOLr UJQ. 00 iCQ .-O »• ^O »-<J ••
-y)CD_IMC; •-«- s: 2 «-0 •"-< 3 »-0 ««h-iO **~5L\li «-LU-»— 3 Z>Oc£oo z>oarcoO— —J •»— ««o~o z •• "ZC2. •- »ZOCL
•—<AJ>—» o-» ••oo ^» ZQoa: •« ZQcoa: *
com ««f\ir\N:}-c\j(\i «• OO-TX'CL oco-ara. C£
».»-t— .-ooo •rO—» a. (JZ(/)UJ(H OZcotucD <r
—-
- oo —* >—•o —< <r z JS «- «-Q_ _J2Z »- a. LU
r*-«a
, <r>_ooo^'UJ co •-
-oxrj •• OID z
•O—'rvlQC^LUOC s: JOIOh -JOXO«-h WH
fVJcO'-' » «»v.i><t Z5 ujOct;>- UJOfXH- _J






— i\! CO ."O f\J h- «»C\i S) U.COO «-co U-cQO «-oO z
CDrnS—»r\l<-»m < z »-uj:2cl Z -UJ^ro.
< —<
_j >—w cq o» —t OI6.Q uiao u.O 1—'rsJcj£'-» »-•«•• O Q.OO •» •" aoo - •» o" * »-~0— 'NJCO —i UJ Z k-i t>J '-0X Z -* t>j X)X
co »-»»«-» »-sj-ro-«» UJ z </>0Q »• »-<i COCO •> •<! z
•»«« (\l ro •—• %j-—"—
'
-J o s: t-<<s s: -<r<5: a
— rvjrOrriocNJ^^*"* z> KH rjcoQ ^>- 3COO > n-i
p- co„« _< rv r\jo a. t\j u. CO Z<QJOO t- z<rcoon »- j-
*r-f>—>— rsj
—o *f0 z z fOSfOO 15IMO z>
(NJ««»t—>C>'"?-< —»•—
J
»» UJ a.>-i_j ••> O.'-'-J > _l
m>^o^o.xM-« Q. s: CCCQ>rO c CQcQ>rO ». o
.—t »-Q-ZC£ «« «-ooq Z 1—4 a. •• «~a;cr: o. «-ixa: CO
w-»0^ *-—»—.— _) CO Q -><< <->- r?<i< »•>-
<tp-Q->-— ^ooclO S zrooooco ZOQoocO »-
O *-oOO ".flJOX D UJ ••h-iCOr^lUJ t»i—4CQtvlUJ z
»—«r\|«-» •.(NIO-^CL "• z CD .jccs; * •« -JcOS LU
cOi'nrvj'-fMCvjw^^. •* UJ »-_JO0!X UJ r-^JOOQC s:
••
—i rn oo «— cm a. '-, r— a (— S(~tvjo:h- Sh-isjcXH- LU
-»w-4,'OLU>—«UJ •» •» on CO
-
Jr^: •» *-00 Z>cc •» »-co _J
N.Q——(Q.<ri—— 00 a. Z) Z<->-*~4<. 2-^ >—<1—l«=t IU
—
»
*-0>—'>' *-cooo-o •D 5: —» O. CO r-xl • >--CLC/XsJ •>
o roz --o t—— o. ro—
«
Z •~CL »-UJ «-0l fUJ LU
CO m 5T •—i X •—*O »•-<«—> UJ »• *: ZclQ-«<J) Z«-|OH'J H-




UJ ——»o. «-»Mmxi- H- LU z srci. •. *co s:a. ».co Z
-J h-N- •—. rn—» »-<C0 —4*i. Q>-i> lJJ • Qt—<>uj •• HH
h- (X •—» oo •»mros< h-rs t- LU •M-iO. Q uj t»^-aQ U-









-^,^^»ro-« »»-»%ro C0~<-4 la jaawD aiaa'H'fl
Z 2w^<-OCM •» CrOO^-" )-Z _j<—i »••>•« Z*** •••••'
o oo<OQ;vj>MfOO CT>—iooco SCO < KQQ." -• KOQ.-
l»4 wOl^JOM^^M «» 9-*^-*& s: —
<
-4 OHiaiuo h-"lOaiO
to coo Q- 51Z—'~-—'00 miTti— h- Qjz)r- -+^*c> i-azt-j DI-CLZI-_J2 ZmjOJ'OZQ- ^<-<< OZH 1! II 11 0-_J-J</)0 OQ-_j_jc0O




























































O CL— •- O-Z -








2!O 00 < 2! ~< 2*O 'X' CO—
-OwQUJ3I -mwoOOoO
zoo «-3-£:_j -o •—•a
Q—«o0'-- fsj^-UJ-^V—
~.cc •»












<(•> -ooooi-— —i --na-^-'Z




->- oOO.> ZuJZ _J(<*0-—O
-»O^Z oO^wUJ zo.i
*J ZO300 -2:Or\J2:-J~»CO -
uj o»-iZ2;-»3z-vi3uiuja.<-»
h- _J ».>^Z-Q D"ZZ
2: »—» -—ooOCJcOZcQ— oO





UJ O 2I_lO_J— >- -Z - CD-
- r\l 3 »-_j<<io0—w _!«-.(_)_>
O Zd - -O •._if\JijjQ i -a_cl -_J<Nu Q__) CL CL
-za^cc-'jj^sz •—> - z





azDJ: £«iii<z2SS z »o
-Zj OV-ST —333 -onw£3 3>~a- **DDD Oil •
>t Z ZCC<-ZZZZHZC£ZZZ ^||—^
}{• O <D<OwO^-5:^00—- >->~ II —»*—• 11 jjj
c£ *-* H'j)Oa.>-tOiij>-'Ha:ox< H-.HH—.—3
uj 00 oo»-t2:ooox^j—«ooo:o<iuj -»*.-<_^
O Z Zco^oozoiujr^iZuj—"2lct inaroo—'-*




































UJ .^, -» ^-4 1—
(























































































































~.~22 u_ • «-H—»—
»
Q.Q.l/H/1 »-<«-.•—im




zzr^zz 2 -<i/>I—* II
iOi/)DD »• •> < w-fr 0_<NJ—
2I2;22—<-* 1— <—_Jv£)>-l
r>z> •• -it ii i/O 0>-i<Ow22 ,—( .—<>—< »-« 2 ^^•»oo
* Ml II •" •> O •«v<—• »x —
.
U ~*o—<Oa: m
|| || •. •.__ l-HCO— | •
-J ws:<—
—
•> »-(«<> < LLjO-iJ —
4
— »-.
-»wX»—> o Cl OivioO— uj
•—
•
—i <£ U_ Q- >—
i
»-« 2 «>. 1/5 ->{ ft- U 1 <f
<-»«-oo_i<^-» oo U)*~i%- «~—03 «— r-
>oi/^/i<am > n- 4.*-r>—< '-'</? u_ -l"<f-
— -»^-» >-'-—
-
_» < X 00 ~> C:2— ---'2 • • —»
o Q- u* 2 k- ^>> # movi-
m — n ii n r> • ^fM<
in inin in in cao LU f-< •—
(
i-<—— ZZh- LULUO
—1 1—1 —H .—4—1 1—4 00 t— nT II w>—t>-i«-<rv)OLU mrotM
< »-< HH >>->w—. || «X> •— -^ ~*
in ir. in in in in t—
-J • II <<<—. 2 \->-\-
—
• >_ ——_ -». <i 3 ro m-aQO^*-" 1-* <<r<QDOQOQS O <M >-i CO COLLI-—•—'t— 2:2:2:
<X <.< <l <1< Ct _J II —SISiSZa 2 ecu. a:
LUUJU.)L!JUJ:ULJ < —4 OQJJUILLQ D3J
CCVC-CLCCX.CCU- o a. Q>oj>r^iX'—'O l'-U_LL






































Dor •a-2O 2- fr
a — *- •> »t 1—
a ~»X M-2
-j 2 11 m -;j-lu




•{<-_J2 2 H-< ». M-LU
171 * ^»» «•




O L0 » mZ *




-j «— 2 -*K
< LL rsl —«>~i «-oo






C£ *-» O-J M-2
2: K CC 2< *UJ
LU lll r- coa *UJ
^- 21 *-* >-o ^3
00 O ^4 L02 * K
> LU -^1^ •a* •K-UJ
00 O 0— S— » CO
• Ono —< LUvJD *•
LL •- 2 • Oh- • *UJ
O X oom Cll/lO « -i
•-m >-i r.>-^ JtCtj
> V. too v0<-OLL -*<:
CC V. ««»rM _* t. r- •JS- »-
\- —»*s. •* •«» «•
LU o«- —O X «• w




O «-»>- mK t-aC •»-o
UJ< w-< LU<0 iS-2
t-s: OS t-2TO ^O
*~nX <.cc «-<ct:o St-O.
CCO LUO ceo ^ i/>
3.LL ecu. ISLLinJ •»• LU
O tmt{ O -J<-a:
<f" <t >o
>!-0



















r<- * C^# «^i—
t
•jf * m
* •—' — # * 9*# «-LU « * X* uja • * * a*
•H * a> 00 -^ * •»
* s >•*- 1- K- 8- n »
* s hn Z * * m CsJ
* • »—< •> * H-4 it * r- fxl
* UJ »-^» UJ it it Z w# cu -»m CC a. it it UJ •1
* >- m •> UJ it it jr X
* h- •••—i X LU it * UJ c>
* *—< -— •—
<
Q tt * -J •k
* k ^Q • z»^ O •K" * UJ •»
* X OO X ^-«r- Z 5J- * (Ni
* m oz •—« • «- * X C£
* ro Z_J Q£oO OH- UJ it * •
y. •»
-JUJ i-a: << X it * <r •N
<• • UJ •• •«o UJS i- it * UJ X
* % »-*^ sif- a: a: it *
* — c\j O u_ -tf * a: **
* ~J (\j •• >-CO uj li- O •Jc * •
* UJ »•.—
«




* —<— — a: <z 00 ^f * ro ^sJ
it • —a >K —
1
UJ M- * 00 M M
fr •» QO ~Z 00 > }( * z •* *•
* s oz l-O UJ^i •—
t
it * (\J X0 S z.j uu >o 1- "^ it * *—
4
OisJ 0^
* »» -JUJ UJ —
•
»—iUJ <-» Q. it * r- h- •• ••







a«- X a:oo y itt-it O *- cc
•fr cc t—1 •> OO _i h-»(_ 0:2: O ifZ.it O -%rO m
* t- ••—i Q. J »> (X< mD T it UJ45- -J *4CC *•
it <: —l»rf -J •> r-K UJQ QZ *k it 2;* < •. •• X# 2: wO <_) »-l II O •» -^ M-UJ-}?- O arro m
* QO Z< II ^: UJ -J-^ II it -tit wa: •-
* > OZ OQ ^ »• -IX < II ~3 •«-UJ-«- > *» «
* 1- Z-J OO ^ -^ <tl- *-*-* •• it M. a: 00—
1






itllit r- uja: Z
* > UJ •• X ^ •• h-U- »—(»~- —> K-O-ir UJ r-w UJ
-S- —4 •-««» UJU- »- -3 hO Z-5 N_ it <it s: < S
* h- -«— xo -> ^^ z -(>— —1 it lUit Zoo UJ
* O '—' *—
'
~» •^ MQ 1—
«
00 it * UJ i-tUJ _J
* UJ wl— O uja: —
»
z UJOO a it oat 01- UJ




Q-Z UJ'JJ IQ. Q * a* m a:<t m
* z zs: >— t- zz wzs X . I-O Q. #u.# »• az *•
* O-JSTUJ <f xoos: K-< •s/)—
'
J-UJ Dl —••w -;;- * X O 1-1 X
* CJUJUJ—I • lu<c2: • - x: X UJwlT it >tt ^-< 00 I—
<
* - ^^lij -~.-^ h-siz: X3— Qh h- « '^ >> cC* V. a: s
* •OUJ O-H _ 2 -^ osjzr- IU »-4—»ir —< it\~it —"'V ujO s
* —xz — i—1 •» oiuj »-r«- -— »^r- a:^ a:—1—<r^ -« UJ* OS 00 -•v.
ft- f*>(M —h- -•X 21- f-- a> -^r^- -!< 3:r-Lur- it 5":* ^x 00 inx
ft- r—s—4 r- ir\r\J h- II N- v 11 • O r->t f> it a* —<--
1
z 0^-i# s 11 r- u-WW O -: •>LL 1 -)vQUJ c*a O »w"O if UJ* •o.^ UJ -«*
it Owt-« »-o3 Zoo in-1 w3 LUUJ Ztn —
.
it O* sD 2:0 vO
* wr- m^zi-i- <1»—<\C wZhin ^ cck <wl- Ji- * —J- 1 UJO w(—
# uj<nr\«-uj>-i<< r- — <tr-»uj>—
•
a: <LU * UJ* UJ< h-Z UJ<
it hJNQt-KXS: OZNQhSNhh ZUJ OQSh * H* t-s: 1 00 r-SZ
*
-'QC < •-< z: qc oc <o <ztx •-•Z UJOO <<«; -t * <• * •-•CC 1 >r- *-<a:
K- aoouj^auu ujooujoooaa IZ ujuj(_)a: -«• -J* ao 1 00Z a.o# Ju.ao:2uxiL a:JQocuu.Q20 3»-« aa:u_3 « O* 2U. UJ 2U.
^ M-U* or
it m lf\v£)N or- in — * -iit 1 <UJ m
•K- r^ r-r-r^ i>- ^, h- r- it <J * f—« 1 O-J
# h-r* r- (»- •ii-O* f—1 1 ^JUJ
* * *













II >——>~i •-•^^ "•-j-j\ —1 -_-M* -^ ^^•— -^# «W»«.»
* QQCM Cc£ rvj Ocf^J
co o O it II O II II O II II







X o II —«r-< n cmcm ii mm




































































o» > *—* t-' •—< •—<—« >—' •> **
cm ••< _j^^-w,^^—._. <r
—<Xuj LLKNim—'ro—ir\i>— •>
••»-<«: 2:a:ac"C£iNj!vjrvj< *-•
^*^< 3 | « I I I I w
s^. „ ..,-,>_
__i.-i>_Ln oXX -^-——_w^ • ro
r-tco ii m.-iCMCMrO'-'O -*
— » MCt^^NNM n »• UJ
II II II II II II —
-O—
3
i-co o— -«• -*.-< *-—z
uu<XcQ «d-—<cmco—J cm ,0«— uj«-»>-«
H-2> -• •»•.•.•.•••.< |-<n-
h-.Q£ •• MMMMMMLU MlUZ
































•» w —. Z
»-* < X <
w •» f—
t
< "» •» o
1 CM h- o
»» •» • t—
<



















































ft 1 O |
ft
* 1 *- 1
* CC 1
* 1 «? 1
ft 1 a i
K 1
ft 1 Q 1
ft 1 Z |
* 1 < l
ft 1
* 1 X 1
ft *--t 1
* 1 QT 1





* 1 O 1
•K- M |
* 1 CO 1
*
# 1 UJ I
ex ft 1 X 1
z * H- 1
00 # 1
SIZ O # 1 «/) 1do • •8- 1 UJ |
z<_> »ooo •K- 1 *-
1
JO II • • # 1 < 1
—i » i; #-. H II •S 1 -J 1
«• 1 d t
^ || MM«H>-< ft 1 O !
ft 1 -J 1
>—t »>^ • U-iUJ * 1 < 1









*-•—i<<OH-l— V— ft 1 OO t
oooo:zz ft 1 CL I





















_J ^"» sj- a
t* o. *2
o Z _j<y>
a 00 UJ-5^2 y c2
-J D
UJ z o















C\J o r: •-
OC .-» _j a-*
»-
*N, •» a: ii
^ ^ —4 u_-o
od •» II ••
•» m ~J x«






2!<r t— * <«-'DO < »—
i
-21 CO
ZcO 2: »--*—» <i
21 < in coo
_i_J <r o • <!—<
UJ> O •—».J-'-DcO





























































s:< Oco CL "Z
o » t—f-* CD OO





"» »«^. | z z 11
ujs: f*-xco »«^» »*^
-y> «. CMT\r»- .—:>—< .—1.-<
»-HCD f-IVN- II w || *.
o< •.""v »• i—(CL t—<
CXO vO— O 1 CO —
1
O^-t •»»•>——• 1 ina-iv
CO UJ<UJ | ifOmeO
>J »-2!H 1 rNjH-.<\j<r
-J I—IQC—• 1 11 e>
< OCOQC 1 CJchQ 1—«














• X> «• tm. jt
(N/LL X t—1 *
*"*
-*< 0> v #
"«* O- •- <r *




- X <- CD ^?-
h- il fM X— 5! K-2 OV. Q.*^ J H-
>—
t






> UJLLO X- ^» #
CC »» n>- •- co Q •5cQ Q. —
s
IL •>. t-X > »>
Z. Z CL <X II - 0^ •K
X) to z •>(M_J LL —
.











DC »- 2 QCCsicC »• •• X •5^
LU —< Cd—fLU XX a. *K II 1—
1
ujo» O'CO _i *
U. •—
i
11 »• •> t> •• •> < *
< •• >—*
_J- X K « •• X ^.
<»» •» < II CM <I< —
»
x»— «• Qi
00 Z. >3S 00 <—
1
-JO, R- LU
lu O l"» ovciso OO'U *** ^^ LLZ •!! O
»-4 o z CLM • „ 5T U-«-» to «• O




•> O *• V- r—t Xrvl to>- ID it- O
CC •—1 _l ctxo C0- -0 H-Z ^i-K II *• <(M •» * *. — X •k # LL
< -0 •-4 CON*- - X Mfli LL»-h K- O
ST •» II X- II DN <M« O II %
«— -5 ••<_) t» ** <~ «» —) ^_ 00
< -5 * o^< •» (_f)t—
1
—. 00 •• Ji" >-
*• —
»




-3 < LL.300 vDO *•> • D~5 ${• LU
z. — H to a_ CD -•» »- «NJ _;<-• jj. SI
<. CD — < KHOTLU » 21 H-«^* r-4 <> 4 z>
< -»«• O u.<r» LU_J ^w *~~* LU >-. «
CO O < LU »• Q>Q-Qw- 0. —I # CC
< -H O C* x>-JX a- z *< —4 -J to •k <
2: cc —4 < ZOM Z. UT-'O Vrf <Q- JS-
o o w CD LU MZD>v • x5:^-lu »—1»^ it LUOO • X ta» M -J zr-o -t^-3 S —4 h- ^f M
•_l • II o «* «• O —•» • —X z—o »- !—««"» * >-Hh !!— ,-» m —
*
-^ z> m ••rv OCM- O'Nl •4- y—* «• _J
II r\j~x v. in X) CO z. ox—
«
r-.: t»<I^-IC\l •• >—
i
l-lls- « < _J-J
-» ii xr ^ r- N- r- r-*lf\(J> r-*OQ II —4-^ . h- «• •—
1
<<
-iXS • *v r- h> f^- \- ^n^v •• micD'-ifOM X LU •» JJ- H- >>




-o-«X>XX> „, O >o- 11 ^vo^—imo<D»- 1— ^« i;- 2 11 o-a
•-•H-wZZZI- «*^ •— wt-K-O^I-N^^DZh- K- >— 1— LLILU
«— v^-«— CD 1—"—"—'<! LU LU LU LU LU<<I »UJ<« —iLUCDt-i< IULU # a: no
<{\.'<<v-i— i—
s









•-"OCX—«»-<C£X —'«j2:o: .-<>-« a l—j—i— to<a^
•-<(_)-"—>oooo a: QC cc a: a:a- ua.3Naa:>uo a: a: * -( II OOLVH-LU(CQCQCOOUUU. 2 3 -3. s SUL SUL Q3 UU. 2:3 •« 2H-~3LUtO>-«
—ir\j
-h —4
















•> 1— - QCO
"" LU •
00 1— »
a: - z l/> II
~o OZUJ K-500
- I~ i— lus: 2- a
txo ILU ID LU
LULU Ql-> ox.
Oct 0<M




21CC X LU. •
•-0 ZOI ••11
1— O^k XCC-*OO 00X—1 <LUO
0-* J22 5:0 *ID O IX.
\--x oooz: •.< II
LULU hZO zxx
2: a.
1 LUI— X. 2: s
00 00 ^ < V. xxx
<*s: 2o;oi •» .00.
LU<I <3.<lu m X *•







OO 00 00—JLU LU <»
-J-
—
-»-»LULU LU > 2: 1— II •
fTi^^mr>>l'*Nj r<«JoO»-< 3 00XO









www|— 1— h-ZO ~<Uj »•-
z>r> xxo —irnax 11
LULULU "» l-x> < Xr\iZ
i-i-hss:. 2: .J 00 •—
<
D< •-<
___ cj> ^ ^5 r> h-HS-tS
D^aa:aaLua5:>- I— •!
LU 222 O v-hCQ 20x0- Q.
_j 0000O0000 HH J)H--H Q. -» CD
\— —» •—II—!>—1 Q t» S'JX- Z-J -< 0. a.
»-<>*•
-«IIQia.iu .««• . fM'v oo< w CO Z)
>—<0—iLTM— t— i~o> XLCil— « •• 21> > a. Z
» - ZT-
_J O II <f!M Dc£ -< z> 1




• —»t— ••—* 2^. r-< z a.
CT> ouoxx XOJoO r-v. 'Jldim O •> 'LU OO • 2:
O—(UJ'i)UJOOOO(/i» ~->oU<—1 •»—1- ^-4 <''!. -4—0 00
-<1>- •mxo 11 II II -* II II l-c II 2:
I -^ WWXW<X CO *•!— LU t-4'% li <»n|JJ -IW.-.LU x>
>Owxxx y- sO !-()«• ZO —!.-*»—1 ID CL-5Z5 <£
II *-» t— h- >— >— h- 1— LU (— Q_ —
1
w|— -wf- II Z>Z 0— •-< »-2; —<CQ <"2I II
LU lu<5Z5I5:<<5:o',s. LU<2ILU<XO'-1 (\l q£ *-»—• •—
•
(\)CLr-4»—t CT
2: hi—^iz. 2l» •« h-s-— i-s:- uh rOOX*'!- i-O^wi- LU
-« mo: 0:0: QC i—iCX —.an .2:z: Ct <5i—<2 •—<•—%£. SI
1— (XQLUU-LLOO O a:uu_a:cx- u oq:e^o O 11 00a r>
a. 2 UL •—' 1—1 »—1 Li. LL, IX- 2LL. -<3LL.ro »-0 QLu>a-o Q-)Q.O Z
—* —«(\J -<00
s »^rn in r- 00 cr —
«
O rorf\ ro i— —1 -^ r\i f\l

























1— II II II II *
U _) >-•-"} id -5
Z) 1
QC O ror\l <—(>—<
H- O COO3C0
00 1 r\l LC^lLOLOw
Z 1 atfU 1 a OOOi
u 1 a OQQO









-*~-.~»~».— -*.-.«* .~-.~*.~..^ <~~^ <-.__> .„.-».~.-..»» (^_ cas: »•
-*'»'^-~-^— -*—>-~—»'-»«—— -~—>-~«^'»'——•—•—»—»——•—.'» Q. ~UJ
_J-J-J_l-J—J_J-J_J-J~l_J-J_J_l-J_J_J_l_J_)_J_J«J_J_i_J 3SOwwwwwwww wW—wwwwwwwwwwwwww ZO«
rOrnro -oror<')('Orc,n-,ror>'ii'<,\^roror<"«rOi"or<". ti o< i r*">mm ro com *. ».cQ
ctaL&cca.i£o:ctc££c<£^cc3LQ^aC£f-oLc£cccccCccc£C£.ccaL O.Q •«
•» »•«• tt k- >> * *- # # •!: * -* * #-*-«• «• *- -;;- )< % * # ?( # # ZOO
•OOOOOOOOOOOOOOOOOGOOOOOOOO i/IZO
V* ......... c .. . ••••»•• S_J~<
+ + + + 4- + 4--*- + 4- + + + + + 4- + + -t. + + + + + +*4- Z » •«
—-^— -^-,-^.-^-^—,^-^^-.^,^^«,-.*»^^.^—,-»-.—. wo.
—J-J_J_I-J^I_J_I_J-J_J,J_J—J_l —I I^J—1_J I —
I
I^J_J » I -JCLIUWWWW^-W-WWWWWWwWWWWWwWWWW--WWW UJ>-H
rsjr^(vr\irvj(\ir\jrv!ro^r^^ic\jc\jror^(Njt\ir\:r\irvjc\jt\irvjr\j(\)c\! Zh^
•k- tt # #*-*•»<&-* # # * # -it- #•»{& # * tt * * # # -H- -it- # z •-ooooooooooooo •oooooooocoooo —>>
• ••••»••
-sT •••••*••*•••• hhCL
v0>t<\i^"-O<\| <M°JrvJ>tv0<\)O(\ | N0(\lv0 «4-r\ir\j(\ir\)vO<J"(\l-J"vO On •>
+ + + 4. + + + + + + + + + + + +++ + + .I.4.4. + + + + l£</>r<"l
, ,-.-.—• ,-.-.« ^.^.^—.»-, .->-»-. ZCLt-
o i_j i (_j_j i_j_j —i—i —t__i—i —i__j—i_j i_j_j —)_•—»^j_j_j «a .-a.O www—wwwwwwwWwwwwwwwwwwwwwww C^Q.'-H
o * # •*<• # -* *• ;« * # -«• *- -K- # «• # -;;- -s: -s- # # •«• tt •«- **-«-« _j:dh- h-
t— oooooooooooooooooooooooooo • _j<-«a. •*
O O N0(\)^-r\J(\J(N)Nj-(NiOfMfM<VI(M OvtfMNt^^rvJvOrvJNt OsOO<NI 0_l •-_)
O CO WWWWwWWWWWWWw—'wwwwwWwwwwwww <f—<0
-*
-JJ- *«•*«•*-•«••}*• <r «»•*»>•«• -JJ- # •«•«•»{• tt it % # « -ic # tt —•>(- X UJ
^ >^ OOOOwOwOOwwOOwOOOOOUOOOOOOU inoOQ- •. I—O — OOOOOOOOwOOwOwOUOOO'wOOOOOOO cl*-<o I—
w II II II II II M I! II II II II II II II II " II II II >* II II II II II II II *UJ •<-._) UJ
_JLU <f o^f\i-Hr<')fNJ-^'^iNJ-^^(NJ^^^)r'0'-<!~r»(Nl--<rO(\j^-irOf\l'~<rOf\)'H UJ_J^'—< >•
wZ UJ •>»-•.•.»-•.•.•.*•>•.•.•••••.•••.•. «*••.•>»*•.«*. •<>-«cQ
ujiuujuj i ex. rri,^(^cNjr\ifv^r^^^rn(^rsj(Nif\J^-i--i'--4rnr0i''ic\jf\i(Nj»-<-H-H lu uj >c0 •• —
i
DDDQ. < ».•.»•.•.•.•.»•..»•.•.•.•»•»••.•.•.•.•.•.•.•.» 3> 3 la: -O <
ZZ2>-J
-if rn'-nrr) fOrnr^'-ri^rn'N'r\irj(NJ'^ , r\.ic\ir\i(\j^4,-^^4^H-H^-t^--^-4 2 Z •— a:cO'j Z
t-t-t-^-.w Q. JJJJJJJJJJJJJ-JJ-I-JJJJJJJJJJJ I— t- —' OCQ UJZZZ II II WWWWWWW—W ^WWW^ WWWWW -WWW ^ Z >-. |-






















a * *a # *
o •* * -ft-OS # -ft-
—a. # #
CD •» * *
•>»* ft-
-ft- ««
Q.cO •fr—>£ CM ,^,
coo. * -<* »• ^
a. •• * • -* ~i .
Oiri &•-»• •• COZ2 tf^-ft- Z Kz * -<# »• z
> •* ft-co*
-J «~. <—i-™.
-•1- ^ a. -ft- w 5*T oa
«-*o: a % z: ^: Ci-Z
co<r ft- ># o ^. 00
Q-C. *CQ*- * < >-s:
•• •» * # —
»
CC3
0.0 W-OK- CM LU oz
COO * Z-* Z s: z •-Q.O •ft--.-* _ z>-<0~« «• >•»• > m on





^ZO< # -«•« CO •—4 LU
OO'O ft-H--* a • CX—
OZlu •ft- -I -ft- + - x: oz
-isis: ft-3-K- M ^ U.O CO
.. *o * :e# —
«
< UJO »-
CLCOrsJ ft- UJ-fr •> a. CO_J z




# a *- •> O < Xr-* Os—z ro # •«- z + H II a.OcOO # >-tt .—. O ^^ QC-5
z .o O ft- en* _irn H 3: >- •• ><u 1- * -ft- O *-* •* <^**^ CC
ocz #o* •—
i
2-T> O z 21-5 <
LU 1—' » o H-O-ft- (M o • O •« •* Q
2ZeC> o •ft-o-ft- ft- z ^ Ow Z3 -Q- »-.«• O •**. ^ #* ^f O— Z>
zs: - —
»




•ft- -ft- z— X<-* COO CO
_j -a. ft- 2 -ft- _l o — s: S >-4 0. ZUJQQ • * LU* UJ o >o z » • -« - CO LL.C0 OSO * a # Z-ft- 21 -.-M- i<;a CO »w Oa <^C>DZQ LU * * 3 „.—»—-» >—i— -» -~>l_) i«fUJ II X— J •















1 »_J_J_J •• •li—'








H- II — X2T
GCi-tOLZ •UJ IZQQQ II II -Ji—tLULU
>></> 3 o -> uu -;<• C. •oooiz ».t-«_r)3 O QSXII DZ3^Z3Z)3sO—
O
UJ CC 1 M
>I-CL z o * X* o> zzz zwzzozoz s: : ^12:2:^^:^^: wh-^. coino. «»W»-H
I-.Q •—4 z # -<-»• ~* H- _J —1 -J _J COO -~ Q. >-* "-i Ln_jro^—1 I] £<—4 —<„^ k—| •—1 »-H ULKUJ ZODffw
-J a. K- w- fr U.-K- (\J^i_JUJUJUJOOCX + H"H- —<LUr-lLUO «-»j-i-ukki-hs:i- Mr\Jh«iixiO
_i 2 •K- -ft- II — II II II a. 2:2: II II 3 ZZOZZZ-ttM li
< o u. * -ft- o-ju_^rMrooo-j aao^O'-'CciSHOQMOGQaCni c—iO 1-1








OCO 1j^ cr> co in »-«
in
in






« i## •«• X II
>* # < a:#«* 2; UJ
K uj# X »—
(
# o-t* r- M
# O-M- z •»
*>« —1 X# O* 2: <M# * X »•




•M- »—"}< •* •
^
-it 1— -«- t- m
» *-3K- OC II
to «•* K-0-& < h-V a. * ar-K h- QC




•fc x>tt -} Ko— 2: *oo# «* to
a.a Z> * •& oc -5
z z -XI* UJ W
>oo • ttl-tt r\j *k
a: 5: r—t •K- >-h-M- X nO X




2! - fc •JJ oO-H- •*
Z>-< <• ttZ-H' X h- • ->.
II Z * O* 1— r\j -»
CQ>—
<




I— •^ «- »--_* «<!* Q. •H Nt
»-r- —i—t \ •« K-ID-H- Z m Vh
1—1 •• >w » f—
<
k-o-* oO <«. 11 #•
•x-* —"O X II tt-U-lv 3: a: X «—
1
l*-
11 ~o -.-5 •« * 3 <. t£~ 00 r»-
X-5 <_>»-< a: # x# z u- Ul •• a. m
—t •• OCQ h~—
.
# 3* •" 00 *-«x m
a:-* t-H* <£-> -* _l* H CM •*
v--> co • 5: •H-U.-B- •• • 1- •• X H
<I - 1 <M -H * tt t-H <f \~ 0:0 r«-
2:— — • Ow * <*#- to in











co>— fr.-4.fr t-2C h- 2: •> • O —
.
COCO a- - CD * -J-fr J—UJ t-H X. Z O
• —
'
00Z<cO »-w fc 1 * UINH K- II •1 Ot-
*"^ 2I 1oo<t Xw frZtt > - Q. l-l- •* «*• IIX DOmO frOtt >s ^ -»» m~x ~**
—O— Z-JcO>- —._«—. #z# WQ. «* «-. O ••*** 1— •—1
f*.-*co »• •• II CD 7\» v * QC •« UJ —<xm..- —•I— »•
in^r^ •—
t
.-«— II m^C- fr LU* ujq; • 2! inrvirom ZCDh-
f^^f"- II II -J— *«-v.r^ fr>-fr OO Of~t t—
1
-<o t-H (V*^ < • >-H
UJ -fr -J-fr UcC UJ | • • in UU'—t|— 1— \^OS + z
XO-O^O —i »-3 vQ sO Z> *o* >CC • 1! -:i- * ro 3 11 a vO^*-*-* H-«-ZZ—1-^ OO —i— Z #00 -fr Qlu QC>-ZX 21h- 1 II *-l- \~ »—1»—
4
>-( -< UJ <I UJ —ii-iO'""-1 LLi<LU l-H fr tt |h ujq:H II O l-H Oil— UJUJ<IUJ< zx1-hhSH mrOOl-l-l-Sh- H •fr fr -fr JX •"!<£. Zl— H-<^»zi-^:i-2; II —ZZwCtw Oc^ZwqCm Z _J< —t-x t—H Zl^^.^_((X>-<(X H- 1-
ouaoa DOH<ao:oac O <s u_oo 11 2:0 U00U.I—CCOoiO 1— U-<
UOSU.2 OQ CO CLt_>2 U_3 O o> t-M "1no O-51-hQ.^U.SU. Z»-hCQ
—<m r»- O 0^ Csl <r
tr>co in —
<
in 1-4 in ^* r-t m
(\jc\j r*- m r- ro fO in in m































to - «* a.
Q. •—4 «« 2!
•" CO «-H </)
-h «-* a. »-4 53
—»••.». «-4 *.
»-h cnj x i-i in _j
•> 1-4 h- hH f<"> UJ
—«(\im —' o. • — o 3<
hl-t- -" «- LU i-« —• \- ZQ
0.0.0. </> »» Q ^- Z — CO
»-h>-c—• a. x ax o at Q-s: oh- s:
——w »• m z'x. "z - z. - o •-• •-•_)
>>> >-h * t/)~ -« co^-t «ZII co>
O.a.0. LU <— m 51'-' »*LL «- ^'-Z -» st oo O. •<
II II II D »-i O •> XD 3«0O U_ *—t— »— I— luce
—
— «-~ H —« • Z<\J — *1"Z — Zt/)l_> • H- •:><:< CL<
(\jrOvt •* ^0-* X »•— I*-— •• vO t-Q i || XCT'COCO O
•>«••• r-t LLLUU-m-» >* —i*-t mm—i u.u.u,m *-« u •—-» • oro uj»—t
I— I— i— H DD^^>t <- II to co_, u ZDIDpm II —-*•-< l— —< «—.'-» zee
•""••—"hlu hiizzz *••—<ujm >-<a-LU ».v.>—iilzzz, ••uulu *cz ii »-ujlu «j —'vom^- >-< •ZZZ3 3###>0 »0— II r> ^O—' O-H- *-«• «0:d:I) SIS'—ZDO • —ww l-<
wwws: m^fNj^xfw-iZH- o—z -'i-c^zrMrovJ-^zz- — zezz k r>'J>IHh m+ + + +uu-~''-,< >o«-i»-4 iu<in + + ++ujmw r-->co >-—>-« i— <luujuj o»h
OCJO>— r0»—"—ii-nt-it— •—1>— 21 fO«-»H- |— SrO'-H'—•>-<•—c|—h-I— r\l^-^^gol— I— »-» St-I-H Q- QtcQ
l-K-l—Z II II II II ~<:S)Z.GC- CCZ. >-<C£. || || || || hZZ ** IS>Z.Z. CCmmmOQcq
«<TQ O—ifNJi-O-TCtCLOO U o aOO-^tMnvTtiuO OWO^OO LL OQla:cxi— Z_)




h- mvO o r- cr»(M cor*- o\
l»- mm m m^o rvirg o^
f<^ ro.-o ro ro com ro
























ft <lft •» •»
ft Oft a.—
-ft -•ft- zm







•ft UL-ft o<x »•
Si- O-ft mSJ
ft •ft CC<ItU
-ft l-ft - •»:§: _J
ft CX-ft ——O
-ft <tft JZZ h-
ft CL-ft LUO»- 21
ft ft 5TOQ UJ
•ft O-ft O—IO jr
* 2!ft 2: z UJ
ft <ft -aj J
ft ft iflZUJ UJ
ft Xft C£00 ••
ft ""ft s:-» al
ft 0£ft — O-J o
* -ft JZUJ u~
ft <ft uj«-2:
ft s: -ft 5!OD X
* •ft DOZ •—
<
-ft <•* zz- a:
ft Oft ws< 1-
ft »-<{* f\J UJ <
ft COft a:-*ar: z
•ft ft z:<
* UJ-ft -»o M*
ft X-ft _IO— ~3
ft l-ft iu_ja. •»
ft -ft s -z 1—1
ft IS)* oaoo <M
ft OJft O zzs o
•ft -ft O wooO
ft <tft z ^IZ •o
ft _J-ft -J et:o~- r- X
r- Z5-* IU 2*< c\j rO
-ft Oft ~o CT*
ft -Ift -* ^COCQ in UJ
* <ft ft 0<2I .-« X
ft u# CC H'JJ j- I—
* ft uu o0»~i> —
«
ft *-« o 2: cq • UJ
ft 00 -ft UJ UJ m H-
•ft CL-ft t- 5; n <





•ft Q.-H- >-h o Q. Z3








_j_j ft _i ^1"
o>-»>^ Ow o
• ro -n •m •
csioca; c\ja: n0




_J_J _j • _l
—*— r\i — (Nl —
f\j(\j •*. (NJ + (NJ
QiOi— DC— a:
ft
-ft —1 ft -J ft
OO^- o«^ o
• •f\l • (\l •
rsjrvjoi nOQC (\i




JJJ wj • _j
w ^—— woj -**•
i—l-W>-H -^ + -^
aicxa: cc~ DC
*•-«-
-ft ft _J ft
ooo o— O
















OU- q: a. cc or oi a: ct: oc aC
CNJLL h-J-H-h-l—l————
UJ <<<<<<<<!<






























"Z. «• • -TO
i^O CO II
•—
—0 ^UJ II -*
isi —<_j •^ • —^ "5
r0 re) •- t- Tsb
*-! »-_J'-H oz
—<«-»r^-~- || 2 2* ••
II O II OX 5. LUUJ »~^UJUJ
^OmQEX II OD^'^OO
<T ~Z. T 5! 2:^^—2:2:OJOJH
H
2: h—<—< ^^ CD -•) l—
'
rvjuj^uju> ~- h-!—<<- »—







































































































































































































































































































































































































































































































































-H— 11 z: *
II OX Z UJUJ^UJUJ UJ
•-USX II Z>"D^Z5Z> z>
z s: 2:^:2—2:2! z:O—1—4 II X •-« •"* CD -< »-H •—
1
-<UJO^ —
-I— t— -el I— I— I—





































































































































a. * »- • ^
z * 3 z
</> tt O
_J j
z: * ac a w3 * CO VI i.
z * 3 o
— «/> z *
h- if- uj -»
CL tt > >- CMO « CO oo Z
K- -*» > «
«-» # O Q 00 >
Q. « Z UJ m2 * >-h QC ct l-H
v» »•-• O co
2: * 3 3 LU Q.3 * CL O +Z—. £- •> UJ < .-.
-rc\ # — a: »-<
_i
co •• * 00 c£ ••
»-i"0 & o. UJ uj -5
«->*» # o z h- in ••
vo<: # — *-* t-t o ' z
Q.U- * S h- 0C »—
.
••-J * •» 13 U O
_J01
~< * K O H O ^
Q. •• * •" 0C |~ »-t *-->
^-» * *-« 33 z o <\j o »
000. •« 00 3 uj o •* z
szz * a. 00 o o — •*
300 # <— o£ —• h- -h—1ZS
-R- UJ _J UJ -« O. Z~»
«-»3 «->-< > a. z— °- „j o ws:02 « h z z z a. • oosiz uj o >o
_i— -K- uj a: o i/o-> co in rsw z — «0> * > UJ O ^^ Q- 2 3«-2I • 3 ——»—— •-« — -.
XO. «>-(— 3 •• 3 • Z>30 2 O—'fNJrom oon"i r0i«i
••
-H- X UJ Z~« Z fQ-Z li •—» •.«••- m*\q.z •* •»
«-» * >• UJ X •^'O •—"> I— —* II •*-» ~H-J • _!_J_I—« "II W —l_J
Zifi # Q£ I——« "-<»-« • —•-• 2 jl —, .—c ^_ II ^UJ'-'*-—• II -J~> II vOS * H Z O II 00 11 uj 11 v^ .LU3 X5:il aiujJLUSOQC1 II iMUjai^Q
•-<z »<• z < 000 ~o.~3~a.030 Hw?;d^ a- »qoq z •-—02 a
oOw Z -ft- UJ CO •— • II »~iZ ro II zu ^ zzzo> zzz zwzzozZ2 oi «• 00 11 11 m-~«-'-'OCL~.—z r^->co— •-<—1—<f-_i_J-j_isOO— Q.——, Ln_j
UJQ. 3 « -» I— UJUJ Hmi-it— Ln3~^K«— (M— O^JOI— h-(NJ"-<_J UJUJUJ CO 0^< 4-1—1— i-iUJ
S. H- * Z f^irvj —oOZ —'^-Z •— OZZ II •— II II II LL ZZ II
•-h Uj * UJ <. «-H»-t CJ>u.OO II >CJU- O^O l-,OOOJU-H(Mf<iOOJ OOQX
O C£ * »— ii 00U0 OO.QOQTJ-O'-' OaQCDUUCjiHZZZDQ< OOQ^
-R- uj mo cor*- 00«> ^^in rgr\i O^co

















LL O <^j o. ooo
< _«< o
+ >- COO O
«-«. &. -M <\J




cd a. o_cv a.— ••
O Q- Z 32! ZO-*O LLcD to oOtO Wo^
hh ocl s r^y s:Of—
— OC => 3 • • Z3Z3 • o-«a:
m*-' II ZZ. ZoO ZZOOZCCK
•» •- — o •—* *• ii it * « ii • •« ii a.
ii ~- m i— n ~— si —•-> ii ii —3-^ h —>—MQ »-UJUJUJ CC —* O. ~3 1—« ••tXILL'HH-J »-~5^ *--5UJLUUJ
oz ^zzz wmo.<H-5Mzz-io>»MO*'«2.'zz
CO_J «—•-«—'M ZOODCO^w >-| -^-l^|!J•«'OOWM,-,,-,
CNJQJ UHhh M(Mw(\IUOI-l~fOrOOhfOOKl-HI-
II OZZZ II OOZZ OCC OQCZZZ










O CO aO tt z
a — co3
»^ z UJ Suu
r—l 00 z—s: z)s:
51 0—i< ZD
• Z> (_} -Z Z
C* 2; -J^-- •—t »•
UJ t* >-> II -HO •
t t-t • ^aa O II »0
UJ M o II u II ujuj hX!I II
Z3 a ^ II mZ«D3 —«—»




-»*: O II y~*>——* ocoo— >~
H M CO>~ COUJ I— h- i—1—HQ>—
i
z K ~SL\r-ZZ II _Jl/)
o U_ oa o<aoo ^uooa.


































o CMQ -* «» < UL O
_J *- —»• H- CJT *kO ^ ^ C0 >-o • «-.






o 00 «~l h- CO 1—4 • ZOO
—1 H-
•
Q- CM o IAD ••l/) 21
•• CO O —
'
z cy XSD
•*£ \ • ">«. vOuj ml5Z
»— -^ £-<• o UJ —a: •*Z •*
<I —
.
o— 1- o LU 4» «-—
<
O X. • ^ z H-00 UJ-* II
l-H w >»« o UJ ^z h- II ^
CD a —
«
o o QCO »-^:
* -j 00 a: Z3E hh ULi ^-»-»
— o •a •a* UJ r-Z >-.ic-.
UJ X OQ or > <a: >^ »m
s: 1 t UJ az — (£•=> — ~i •
<i —«. • —» -» SL- zo 1— ujh ^•-H««»r-M
z ^ a^_ i<£ ID oOo ZKUJ Oi/)'-1 '^Z~w ••* UJw w 2 S- <It—I C3i CCO-l^LJJ
0«->»-' « •-- -« z> - i^- LLQQ- •O »oO fc— 00 oo zx ^^^ H-« w^-X
-J 5»£ a. Q. —.a. c * — IM •xo «-* • • * -> #•» ,—4
•^^o Q l»!:0.~ID UJ 0>v^ \— in • oxirnrvw
rviOcu »-» wa..^. II o lA^vCM ocoo vC -*M ^0 <>o
it a ii uj ii —.w^: «-»LL 1 • UJ ^~«-r\j 111 »<M> *UJ »»\ • ••—<
-<z-.z>-» oo—»>~i^ZJ 1 Z5 <o —i 3 KDO^-OvO-w
s*:z:*: CLO0 II — Z.^£. z wH- Z r3f-CDZ •^t—w-^l— z




1—4 u-i<0 »—<»—<<I •»—
t
LU< UJ UJ< a:
coujoi- ~»<J i—
i
O0^ 1— l-SK I--ZI-HHZHI-5: Z3
X-jzi>o Q.Z z >-ia: Z Qi^Z—"(X i—(•—<oc 1—
i_j<cju<-*- UL oou. a ccou UULUlUUCCOQiCCO UUOZIUO M CVUl»—
1
o 3EU.O (JihX>h(J2LL2jJu. CL
^CNJ 1
cm o 1 o O .-< CO CO o in






















X o zo o
1— OUJOl— UJf-
s: I-« z<Ih oOX'-'O


























o z u_»-<<<z z

























~o — \- tU
CtCD Z_l— 2 002:
cC •.
—o »o. o »—
«
LU< o-cjo-z o UJ|~
•o Z_JZcO .j 2





• .4— «-»5r—>Q2 LL-J











IIX Cl *• •» 0- *0<D •> h- u.K 30LU z«ou.z-»«» i-<i 3
2: ZOO





oc a_jco Dma »-c>ooio _Jf-
o ZLU •> 2 z-.w^s <HH ^^
u_
SILUO > -SZ «ZZ >cx:a:o
•
< Z5 0..-I wJDto - LU
oC 2>C0 ->ujzsza:o H-UJ •
\- h- •• ooS^DOt-J zu H-X JwC o-:dcozoooo »-*Z _l
LU LU ».UJ 2<— -JLUX LU
LUO
•
LU Dw^U. Q.5:»-iUJQ—— Zl «»
X z^-hQ-i- CUCDHZZZ t—UJ M»
1- a. •• »-t/)t/)oa
2 Q. U-
u. o *a._J ZrdQ. -TD-J_J xo 2 CD 2
o i^Q. »o ^. ^2— 2: •- •• <to o Q- ^^ a
2CDrnX Q q._ji^» >*-«-' a. o. SI »-H 3 1- 2
\~ <ro.t- O coujs: -ozz LU ^ 2 <1 00
CO a:r>o-o 2 0.2:12000000 LUX < 1 O s:
< U>->H(J —
1
DDZOm-Z XI- f>j a.>t in _l z>
_J »o LU >-«Z~<f-:D:D:D 1- -*• _l_] zv v. • U, 2
LU_jf\jH-< «-.<~ 22 oo -j <I< ooa CLCLIT* » •h
UJ 2<ri— cd •4" ZCOIZ*-- (/}-< < >> zz ZZ\ll r-<
X -<>a. »• «• OCjUJOCoiO l-H M i-lOCUO 300 ooooa.3 II OLU
K KWmO a: •-Z2KMh-U 2 1- x oca. -^5: 5:2:22 »-• »Z>
DQ. -O LU oO_JQ<ooooO 1-00 l—1 11 li LULU II 3 DDXX 1! 2
co OLU—•-« O 2UJ(vjc02<'-i Jd z XLU || II OC?2 22 II w in-*--*
1—4 OC KCO LU LU UU CD OLU 1
—
II SOLUZa: II UJ II II II LL-' O"-*!—
QCQ Q. »— j^ 2: 1— t-Mh-Ol/><ll— 5:2 u.a.3 >-^:
2-J HH 2 —1 —
1
~l»- II CtU.|->-i3« ~)2 2LL >o
t/> UJ00 *—
4





















CO 2 • 20"
•—»o a.
UJ .—>—" ii i-* 11
X tu H ^—.UJ 11 —.UJ
h- Z> >—1 Q. ~i ID 1—1 •—*3
2! CO~Z ^2:Q >-* ts-CL>'—'C^Q. ,-,


























o -» •> o <-» cc

























- H ~—- II •z. zr
O — - — i^ o—-. IDwow a
z:-- < u coo • co
a —s o -•>*• o. 2
>0 •" "-H C0r-« u_co o
1* O i a ».wiij oa o
_^»
—O ^UJ X-~-*~ ZD _l
O—«f\im ooro t— ._J . -» -*0—-co 2ZT •>
•—
• • *• »-iV) C*i &.2 •»••.».•. o 2 in«~100 •« O •«»-.'-»
• _j_j_j •< •• 11 —» —<_j~« _j—1 o in-vr^x •—* .—c»—* ti
II ^LL)-—^^^-<->> II w II w 2 2T r^^r>-c\j j-""X
-juj^racjcjii 11 ~5i-iujujiiiOhHC)X 2: ujuj »-ujujuu •••n. •.«-> ct'-ia.?:.
a. «aau-5Z *.i—zd^> o osxh rjo^rDrjOso—o uj cq
o>- zzz z^zzozoz 2: szz^zzz-i—-i- wiaq.-^
—ii— _j_j_J_Jcoo^-a.»-' >-, in_ico_j-* 11 s;>-i»-«w>-«>-«t-iLU<ruj< zccocr>
r\j»-<_JuJUJUJC0 >< +»— h- '^UJrHUJO> wf-hOKhh-l-SHS: mfHwh
II >- 11 11 11 u. zz 11 ll 3: zzoz^Zm(Xmo: 11
o-Ju.-'fMfiooj uouxoHuu5.u.aaMoaoo:ao:u u»-.uqjhzzzqo< ooQ^O'-iozz.HooiBouo-siiZii. q>-<q
.^
000 —*t\j 000 in 00




























































































































II # LU >
—z Q.
+ -5>-h
cL -J • UJ





•> •^ 51 OO UJ atujoo
11 2: or5« Q
< u-O •JJ
1 2 mZ 00
QC — — **^ c^z-a <
J- coco > <IH CO
OO :*£*: —1 Mljh
< •• »• •-H _JUJ<I z.
<< 0O -*\-ac
*" *:^ a. 2: UJ >—
1
C£ — *^ # <>-h- 1-
»— 00 «-» 1X2'-' <
00 00 CO < aC
< 00 ^ UJ _J UJ
II —k-"-i h xou-i K-
< CO CO CO < 1-2:0 »-H
* * 1 * ^ —<—«
«•• »•««.-" •a* OOO0UJ H-
1- <CQCQ UJ mDi/) 00O ^^^i 1 aC
v* w •. •» t~l sow —
H




CL H-4^^, a. CO— _j< UJ
1X1 z cooro: 2: *:< nao X
1— 002*- t-»- 00 2: •**: —<oo l~
Z> zroooi/^oo 2: o<— UJ
a 3oo« 3 o^or 5: txi a: X
5: ZT.J II || II 2: _J-—H- IXI^lU uo
•« *.^».*** —> *~ • *-Q00 \~ X >—i
•—••^t CD CO CD t—
1
O—iOUJ 00 >. -J
H 11 11 ±c*cx: II II II 2: II X CL
H-_J<ro • •• •-ujuj < -» co s;— uj uj 00s: • 5:WQ^^«OD *;<:»£ <±>Z> Ul
c*:^ ^.^^.zz. *l 11 ^2:2 LUQZ
»—« <1 IT\ CO «-»—«w—( hH a> .^r^. -wi—n—
1
IZO
U.MHHOCOUJI-H .-^ aC—<uJctri— H- J_<LU <







z~ < ^,o sc > w
»—LULU X •
I-O-J LU O0<ZJ K •> CL





1-4 UJ LU z> UJ>< s:
_J <vLUZ >—
<





voars LU «* sUJO Q. >i- «i
OU.I- a • a:o a <x o • o




-J <*2 <t —a < LU r-
<<r —2 «>
_l S X o
cc «—->—< LU < 00 h- •Q LU >u_ TL > C\J2 »x »—
4
< CC z f-io>^ •-a 3 LU LU • OUHD 00 1— w t~ > LU »*
UJ z ex. G. z LU
-J m
00U_< * h LU *—ft r-t >-H CO
o —a H- —
(
+ _l -H II
z -5 TL 00 •i h- z < CO »-
•Qm •»LU O- ^ *T —
<
> to oKLU -.f— « «-» II oc oZDoO w>_ <-• Q in Q LU a »»
«-H_Jh- LU<
_J 0~* H o Z 1- X
0<t.J O •> •-«:*: HC Z> z h- +
CL>=> -<X *i CCw O o 1—
1
O ft
oo COO w \> ~+ i— u. z vO
LUOLU II < o — Q. Z UJ < •
s:ujtt — LU o —»^ 00 o z X OO cxrvj
HH»- *—< —
<
:*— a. cj> -I y- •-H i— r*
K<'-U ~Z CO »-'—
.
LU o >-«-»oQQi cXO O^. CO LU z QC »• «^jaD (— O + _J~» • —» 1- ^ —1 H-H--
Z>Z>_J OOUJ LU Oa h- a a _J < o — -J
Li. *-• LUO S MM XUJ -J LU z Q 5! OO # O II
oOZ< z X> a _J*T 1 H~ • J>" V •• O -1—WOLL UL.O z LU z — -»oO m r> •» K 1 < UJl—
•
LU Q V* !E O^Q ixiGL —^ 2J X 1 m sOOC Q r—
4
3 O-— _l w I LU^ o «^ 1 -^« •* Zi^X
oujz ZJJ II Z JOQ CX— —<> • •—1 —
i
a. •-* (MX Zom
r>oo< as: > « * •OX t-bd oa LU ^ 0> >-y- • + OO +inw
oo<l —«ac: a: HO r\jZ CO— O- II o ^-~»r\i t— 00 (M> (\i—i 1t->n
CC •» h-Q (— II II • II 2. II LULU>LL;— .-. ta- 1 »LU ^-^ « —l^v + CXLU V lu_jq:
V- LU <U_ 31 *:-» O-J —3^-0-300^- ' Z5 (• sO <h- CLl— 3 vO— DOHvO
OOLUO luoc i^ II II *iZ II —ZO)w2h-Z HO— ZjhwZ w(- z s:— h-
<a:< (XLU en ir\>-—O w>-"—. II <-xi CL*— I v^ •—
1
<—<LU UJQ(/l II t—
4
LU< >~H + II LU<
_j<s: ua >4-OC\JO:*:c\jluQ|— i^U-t-•wLUH'«l- SOI- a ii ii >h- h-s: ou h- <h-5;
II -j'— i._)Z«-"-'Z h-<S Z IX —( i~a-cxz •-•(X o Zf-cxt-Ha:OI-UO^U^OUX^l,u_ooau_o O C3C -Jl— h- O a-o — U II l-CLOQ^aiQ.QZlL>aa.LI.-4U.CJ>>-<0 u_ 3: Oo0»-iu 3CU_ CO Oh- —"311-
o ^ IT i in *-i in CM in o
f\i r\ 1 f\ i <r 0> in o s0 m
f\i CM (O












CL »r- CL —
•
ZUJQ (T> .




-J I*- ^ l_
UjO n- -\i cl
002? ro >-< »-h
Z>——
»
—OhZ o > *
*-i •—
• t— CL c\]






go < < •-• w i r>-
ooluo: i—oo > — v- r-
lux»— go cl q. *•- CL ro
•d-
oO OLL • t- X »- CM U_
LU LUOCt: _J t*- » ^ O rtMff)
0C DC O • * — UJ O Khhm hUJ < •> i—iCl oo O ClQ.. cl3 IDrvJ LU LU •>-» •-* LU -—I •—
•
O C?>—<lu 21 O > •> 3 -»rf«—^»
LU LUOOO —< Z> CL X -J — >>> CL
a: a: ct: »— z m < o 0.0.0. z—
LU_| a. •• w •> > ot— GOZ
00 Zx ^ -U- —' rn • <t" II I! II 'I 5C2.Z
Z _JH- • — —XX) -* - -»«-»~.*» D^OOOCJ(- LU^">J-Z — •«-•—>X h- •^••(iXinNi- Z>0 •
•-« oolu_j<i si m«-» •• ^o xsx-1 -<h- •«.•-•. fd-_jii
f— oo »ct: •-• rnm—4 iL,u_u_m ^mov. z'Ji-i-i-i- —* » «*—
>
<£ UJ<r J— h- •»—« II X>Z>DrO -r<,i»-HS .hohmw ii ^^>—i
a: iui<m cl 'Oswu.zzz ».LULn »>»'-' 4- zzzzjj zz ii ••LULU_j-'v0mNf
LU \~OLc£. Ih-v r»-K •«« vOX—'-G^- I— ^>—^»-X> ZSmZOD • <—^.w
- 0>— II l~ II *- mzcorOvi-—'Z^^H-K- hm z — SZZ I—
>-» a.z»-i wujui<m+ + + +uji-i<uj<i< zxxxx—i r->co— •—••—• h-<lu lulu
CD >-ii-hc;£. II II H II MZaMttO. (— t— H-h-l—Z t~« OZZ lH-tMtHUQ
llcl llh- a:oO'-<cNJt,riNrccLjcj(xoo «u.<i<i<iiu a^»o»—uau.oaoca'.hz
»-h_j «Q,3:a.Q ,-,MM,H2ou.5a.u. ^wcucaajcoo o a. ocqoo^ul^s 3:00111
>}• mo r-o r- ooh- cr>
in mm mo n- r\jr\i a*
en mm cor*- m <n















































































2: t-ZDZ(\j »- > ••
a.— 21>^-2: roro-—
2TCLLU »<1D« •• -*-<WZ-I-IZJJ^VI
2ic/>uj_ja-«— ujlu »-a.














z: a. a. «~2 co— -»«-' *-
oozrzrQ-ooSia.-Koo




<2T 2! m u0 uo rvlM 2! 00




zr<— --r3 00< 00 2:— »-•
00002:2:02:3 cc 00
M<O^DccDZCfXWOOQZSZw^Q
2r -< •—1o ««'-Jw ro gc a.







































ro ^-1 «• ft LL
» + * ft O
CO LL ft
ft %
< z » Vt _l»
LL II » •ft LU ••
_J LL * ft JX




O * ft •-» •>m
r\i —
»
# ft a Ou —
<
—» • 4f ft CD z -
LU ^-1 * •ft Q-K 00-
1
-2 ft DZ 2: 11
t- • -H- ft 2:3 300
*—t 1- * ft -O ZTh-
K _J * ft ^O r-Z
•• • K- ft 11 z: Q.UJ
«— * ft •—• *K cos:
4- ^^ •« ft -a: Q.UJ
* — ^ ft -^LU 3-JO LL ^ ft •-•a z:luO 3 * •ft «->>< »
vl- Z % % a.<r JLL
^-» 0- •^ * <5ft cos: LUO
X •y K K- l-ft a. 2!O 00 < 2 <ft 31 3=»
1- 2: O ^t- Oft h-i_ z;-
< 3 I in _l # ft ws—
.
•
03 2: • •^ • LL M- 2!ft om -^K0 II • 0-a.ir> I 2 LUft .-.„,,—«i—
<
»-<rM
z r-< li ^-. —-4 Z-Z^lu « -Jft rsjo*-"0 ^^s.
II ~« I—
<






—3 2:2: ^L'Z # Oft •* »**-^%i* vO—
'






LU OOQ.XK II 1! U.~' R- •ft UQSS H2:
2. ao<iz LUQ-O * -jft <KCX.dC i—CX.
t—
<
00.0.2:0 3Z z:ll K- <* UJUJUU ct:a
O OUJ >o ZXXh * Qlft O^QCU-LL j:ll
•K- LUft
























































< Si/)(/) ID "3 «- *
X rOZD • » II IIZZ^^-*MH
t^J),-, » » II II ••
•"
<5I— *-*— .-«





*. ».i—1>—< <J u, Q- •—
•
DI—COJ'"'*


































O 0c cDf^oO— LU
—
«
Z— core * l-U-J
CO CO —it- —"-CD ID
> f«- 21wD««WU-
X C\J 3QZvw-Z
a. 0> Ztf r-sl>>*
in ••—* It It II O •
LU ~i —1 i-h <~ZI—





• II <<<— Z
z> ro in—»OOCD*-« ,-,,~*O (Mj-hCDCDLU—— 1—










































































































































































































»» Ol>- •R- *•
*^ >-t- * * •n.
v» K—1 * * »
>—1 •> # # h-
LU »<% # * z
o. —re, R- •« LU
>- ro * R- « 2T
(- •••—4 * n- IU
m •—1««^ * # J
•> ~Q # * LU
X QO * «•
ff» OZ * «• Xm Z-l * * o
»
_JLU # * <I
• LU •»
•a- -R- Ul% •-—
•
r- R-
-»(\i * •Jc (X





* -*Q * «• (/)
^ DO * * z
*s. OZ * •8- o
V. Z-J tt •« >—
t
•i
-JLU * R- K





cc t—* •- * z<- oH •t-^ * LU# _J




>- oz •R-LU*- >
1- Z-J * a- csi
>—4
-JLU K-:r-»- h-
> LU •- #o* LU




o t—<»-» ^^ «• R" LU







0_jSuj <r R- •R- X
OLULU-J • #># ^H
- S-JLU —m K-ct:* "^
»Olu o— * !-•« -•^s.
-~xz — f—i »> fcLU-R- O-^
mcM *-»r» •-.X k-s:*- ^-•X
r-^—iNOr- mco K-O-K- r-lr-i
»-v* it r- ».uj—"» k-lu*- ••w
vO— •-< »>oo *o* >0
— H- LfWZ >-|- •ft R- -<^
LU<in<— LU'-h <<r ttLUtt LU<
hZNCh-H- SI S- R- Ktt l-S
•-•QC <»-<^:c£a: R-<# HHCt
aODOJocuoo K- _J>i- ciO
3:u_Oc*::£OU-ll, R- O-ir 3CU.
tfO*












































II >-H-)-> V-H^i^ «-«^_J
—« »«>.«<»> >_««»ir<w «^<v"atf
oq^m Qa:rvi oo^i^i
o O II II o II it o II II

























































































0» " »—( I—< t—t—• t—I —« •- *_• »•
<M *< _J—w^ww^—i < X
—iXUJ 'jj(\JrO-^ro—<(M— ro
•-^-•0: ZIoioiaifvirsjrvK "-' •*
o-^< 31 1 1 1 1 1- m
^.•s.. 2 •— 8 — -«
«v •• r.M i-<i-(^-i>-< K-!Ln o ••
xx ^h^»w^-w^-^ • m x
^-4C0 n m—i'NjrsJr^.-to —< ro
«-» •• »-«(X ota^f^ifxitvi 11 •>• uj«-»
• II II M II II II -» sO— ZD
V—
m
o— -*—<•"*"— -»*-< •**—!2h
UJ<cO >fr—4t\irr,f-4(\j ,<>•»» lu—'-*<
K2> -*•.#.•••.•. •»< I— O-l—S:Ma •• mko-ii-iwi-hUJ •—HJUZTlX
ccux (.j^w^^wwa: aocuu







































:dz> •2Z «00 •

























































3co coco2< «- »







































































































a. s t • «o3 ID • 'OO -- II
zr zoo ii ii ii ~
-—» • II II —— «-»<—!






-O Z> Lfv—>— 3D CO »-,« CO—
"






















































































































































































































































































LU li O DC
ZCL II CX.































































|~X~ e- «"•O II vj-(\j





































































































000 <J>l-> o uoooouuu o
97








CO ro rO ro rO rO ro ro ro co eO ro ro rO co ro C •> CO ro CO ro CO co ro co ro rr\




CM «£O vO <t" M vO CM -*-O <? CM^ vD CM CM CM C\J «£> CM <4" CM CO 'M j» CO sO
+ + + + + ++ + + ««- + + + + -f- + + + + + + + + •. + .:. .
—J-J -J—1 -J -J _J -J -J -J -i—1 -J -J -J_J ~j -J _j -J—1 _j _j _j -J _; _j
cm r\) 00 (\Jrj r\i c\j r\) cm 00 ~o r\j r\j r\i cm oj f\! r\i r\i cv r\j r\i r\i cm r\i c\i r\i
•*
-Ji- # » {!• -«• * # * -;;- # # ##«# « tt * tt # >:- •>< # » *• #OOOOOOOOOOOOO 'OOOOOOOOOOOOO
. .v}- » . . • . »
+ + + + +4- + 4. + 4. + + + + ++4- + 4-4.+ + + + ++4. —<
^-»-.-,^.^»^^^-*— «.-.-»—^^.*~—>^.^^—.*,— ^.—. ro
1 «_j—1 —1 —
1










ww—www w« -ww ww~—ww^w -w O O
r-< .—I .—I -A •—I —J w-i r-l f—< r-l ~i t—I —« —1 .—< i-^ i~-l •—' .—< »—4—»—I *-<—t f—l .—I —4 |- <—
I
o * * * * * * * * * fc # * % * -:<• * # # # # « # * *- # % « a
cm 00000000000000000000000000 • 00
• ••••••••••••••••••••••• »^- —. »—
O O \D c\l >$ CM CM r\i >$- CM -.OcmcmcMCMsO «t CM <r vO >!" CM sO c\l ->t ^0 OO CM —*
—< #«•*{<•*- -H- # # £• # -ir -^ -P- -W- -J5- -M- •«- -K- -t^ # « -Ji- ^ -^ »• -Jf ^ • UJ O
• O "N. i_>OC-JOOOUOOoOc_)OOOUUOOoOOOOOOU O s
ro 11 _i 11 11 11 ii 11 11 11 11 11 11 11 11 11 n 11 n 11 n ii 11 11 n n 11 11 11 11 • zr o—
•
^-1^
_JO *5 cocxi-^i-^c\i-Hmc\j»~irn(M—<rr)f\!—<rocM—<^ro~«i<>cM'-<onrxji-H »— t-«_j «_J
|| •> w« LU »«.»•.•.•.»»»•.»•.•.•>*.•.*••.»•.•.•.»•.«.•.•. Z II wOJ>-»
^"iLULiJUJ ujoj cC ro(r|.r>r\ic\jr\ii^t^t^fO(^c^iCMroc\if^i^t^mroroiNicMcvit-j»Ht-i tu UJO _jiu<£0
^Hk->^^2 V • »?• rOrocOrn^^fOrococNjcxirvjCMrsifsjCNjrvjrM—<--t^H-M-H~^»-)~i-H 3 ZO 0>- ^
co_jki-i- *-i_j a __> 1 1 1 1 1 1 » >_j 1
—
i_i_j_j_j_j_i-j_j_j.j_j_i-j-J-J *- h-w cmi-_juj
wzzrz 11^. 11 —,~w.»-w~~^w«www^.w^.ww—w^, ^^ . z 2: II — 11
Oio'-ju ju. o 2:3;5.J;s5;ii5:s2.a.5:5;si.£S2:£S2:zsz2.z: u ou. a—iLL—iOOOUO —l—1 O OOOOUOOOOOOOOOOOOOOOOOOUOOO O O—1 O—l'-'Z
—<cMm o —*
i-n rn ~r\ o in















— » »• ft ft X
<\J *-«-. * tuft »
••
—
««• ft 2ft X
""> << ft— ft »OO ft I— ft h-2 —— ft r>ft DC
•• COCD # Oft <
-J
-ft ft ft a: ft K
—
'
-.^. ft COft 00
*- —
•
«.«-» ft 3ft "JO ><£ -3-5 ft 00ft •>
ft ^ •* •* ft ft a:
-» w N£^ ftXft UJ
<M < w^- ft (-ft O2 O iJ>U ft — ft X
*- UJ CJDO ft 3 ft <I
> s: hhi-i ft ft s:
— O cOcO ft </>ft
•-" M ft ft 2ft X
</> ft I • ft Oft H-
q. — .-(M ft —ft 2:
+ 1-4 -> 1 ft i—ft ••
— •- 00 ••— ft < ft a.
-h ii k v:-? ft rift 2
- »~ 2 w • # Oft 00
-5 < •-• CO* ftLUft 5:
• U- O <--. # « 32 _J Q. OCQ ft Xft 2
•-—
.
<t m<I ft I5ft ••
-jm + >- coo ft _jft k
*" • <-«» a: whh ftu_ft *.
a^-i — < +cd «- # _
o • *-• o —*- ft a: ft 00
ft 2 .-2 -0 + ft <ft a
— •• * 3 *-» ft ujft ••
-«-J ^ O -'-5 ft 2ft UJ~»
2~-» w co Q- a. a. a.— •. ft »-i -:<• y- cc
>— 5: o a. 2 22 zuw ft _ift h-uu
>0 O U-CD 00 O0O0 OOO— ft I ft UJ—
— ft — oa 3e: sis: s:ot- ft2ft > »•
~-» — -^ -» -» CO ID !D • • DD • D— t* ft Oft >2
<MfO, lArn rO^r^.-. II 22 200 22002cc< ft 2ft — O-
» •.rcirnc.2 •»•»»•» <* O •""* * II l| » •• II • •• II Ql ft ft c£ *
_J_J •» • || «~ — _J— _J — M^m-H".^ _i,_|~« || r-t-*. |f ft UJft UJOi
—«_»-<_.—> • I t — I- II w || — -5 II || -J— II -5.-» ft >ft OOqq 11 11 ->— ujuj*:cs—O •• ujujuj a:— cl-j— ujuj— -5 ox *-vjjuj lu # _jft oi00-52 — r>3 00*: D3D or en — ido — — z^d o ft oft >qc22 200220202 :*£ 222 i^iT\clh-)h?:zoOwmO-mZz 2 ft vOft Otxi
-j-jcoo—'Q-'-"—'in_jco-J >— h*—— 2CO300-— -^ •-«>-»—<-^0—00 »->-<— i-4 ^. «. •.
uj'jjco^< -rt-H—ujrjuj O kkk —(M— roO'vjt—i-pomoh root— h-i— h- ftftft —IX
11 11 a. 22 11 11 O 222 11 0022 e;oc uazz 2 _j<i
nwouj oocj^o— — aao a—u—'—uooo—«<o»--'<ruo o <s:
zzco< uuoxcm co 000 QwocccQooooaiQ.O!flaoi.; o o>
oco 000 r-4ir> 00 (M O
crco com«-> coou o^^ —> ir»
ru— r\i r\jc\j r^iTi ro rf>




















• ii -> * rnx ii a.*—o—
CXlf-Zl 2:>- I II — H-
UJQC*-' It O *-• 2C K- LL' LU<











O •OH t *•%
(\J »-.











• 1- •- X
H QtvO h-








"^ —• « xx
<-» O — vj-^
LU -<X
-t«- •>






































•-•*>. hi u,Z*£Z •-^lulo
lu< in + •* 4- + LU— —><
j—

























































vO— X •{< «• •}:-oxx
-1-OZNfO ^—2:2:
LU<rm-»- + + + Lj_J h-i
»— src^i—t *—(fc-H *—<1— »— K—
H-.CX 11 II II II "-^Z
acoo~HCMn--rcxuo





























K-LU-B- • ••#-# Q,-.





LU # >-»• wQC-
•• &0-K- <ci-m
<1 #»«*«• o<; •*
LU #0* -•s-j
Ct * -K- 00<m
< * LU-*- 2:
•> *x# -> 3
fO # I--&
-J z
QC * * LU <—
»• •K-O-8- 2: O
CO » Z-K- D O
OC *•-«# Z Z
*- « >«• -^
-J
f-l * -J# m lu




a #*-# — -JZ # _J# _J LU
in irDtt LU 2:
T. * s:-»> 21 3
•=> -* * •D ZZ -* X* Z •>—
—
«
•• K- *—& *-~.<
in _J #0£# CMOlLU
m LU •H-H-tf- aza:
S:^ a- <# •»oo<O 0«I jf 2:* -»2: •>
~ \- ZO * 1 » _jr5—
2: ^-00 •a- oft tUZQ.
0.5: o h- 53 * •« 2: z




*UJ# r5 a. 00
oo-i 2: "-2UZT O0> •* i-a- OZ7S
5:— 00 -. <t <^>LJ Q. •» # (--a- C^-ooi53«S • UU .-..— K-l— LUCO K- # Zh^ZZ^DO (-
-&<<z Qu<r * 00-* _jo:^^f>^Q-Z II XOCOCO CO #UJ* LU Z<CV
—1 || —. • om LU»-h tt H-# —QO
II ^_h»_( v_ _| M«M ZCD *<r# •<i-ZrGC0LO,
2:2:11 •-UJLU_| — -omvf -H •. *-J* R-0<2;-h
2i2:»— 2:or> • <w*^^"^ (-<* * o# a:>-<o jvf
^ 2:2:2: >- DO •frO* LUoOn^>r^
f->C0— t-n—H- <LUUJUJ Oh # _!« OZCQ •|\|hNi;|-K« XKI-h- a orco # <# LULU m
•-« ozz cc »-< —••—< OOC0 8-O-ft H-2: IIOooo
— OO'-L. 00:0:0: V-Z_> * * ^»—4 •—
(















































OLL a. a: a:
IMu. h-HK
























— — J # <*>
»» «^ LU •» •• »•
_J _i r. * — ro
Ntf *—
*
< -- <r * -J^-—
m— m LU * LUXO-
(X— or *»-* «>» CX «• 2TCXZ#_l * CD •—
1
< * Ol—OOO— •» •• * Z<X3C
• rn t » *r fO * w5:r;
fNlCt X •••» CC * <lCU«ii
4.* + *—
«
X •> * LU «-w
—C — CC a: CM ifr CX—
Q
_J • _i \- 1- CX * <CL> _J
— CM «—
>
<I <i ^ ^<- •-Z •*
ro + CM I 21 2: —4 # 'NW'- K
ex— CX 1 <t CX •» -isrrfi z
* _i M- 1 2T. # « ujz) •- LU
o— O 1 LU 1 .-» «• 2!Z_J 5;
• CM • 1—
1 — :*£ K- 3 ».uu LU
o<x CM 00 »-<:*: X* zcl>: -) 1
+ «• + 1 > 1 *-«c* •-# ~zo LU
—
o
" 00 ^< •- (X* '^>ooz
-J • _J —O rv h-* as:— CC
wtM *»» XCO z <I-»5- Oro O 1
p-l+ •—
•
' \— ex* 2T 00 23* —z u_
ex— a. z I--J 2: H- \*m*> ****
*_J # I »-H <> 3 CO-^ Lucoro X©"- 1 2! + z <•»• 2:< •• M 1
•.—• • 1 99
1 <— •» O-Jf OO-J a:
cm ex CM 1 X + »-H
-J -<* ZwLU 1— 1
^w '— *-.— «^ CX 1 l-»t 1 LU co-k- -co 2: <t 1
cm •« £• re, ro 1- 1 t—< • 2: »• CM O 2: 1
•• ». •» < 1 t-1^ z> U),"r a z
»-l r-«CM y 1 -*: z x^ •- w —
•w •_•—» < 1 s^— w H-H- — < —5
x<<rxx< I id CD K- -J •> •»
eXLL,u_rXcxLi, i r- | —< IU 00 «• LU — •—
<





1 O*-1 HO i-* O 3 CD LU
2:005;SrO 1 CC 1 h-iCD 0> <r* O Z _j •?-
<X'*JU<<HJ h- 1 —
»
— CO II CX - _J-5f Z ^. LU ro O


































-JCMfMr\jrn ,,nr<^ ! II Q II O ••^LULLI LU
D
xxxxxx 1 ^ 1 Z Zy-ZZ Z O
ex ac: a: ex ex cC \ LU | OJOJ-CDi-m "M oc; O 00 V O Z .J • LU | O
l— l— t— J— l— 1— | —J | CMLU^-l oj<i<ii— h- H- z> CX I--* LU i-U LU rr. —
1
CM
<5<<<1<< | UJ 1 It 11 ooirz 2 1— aco Z)«- h- £ II < 1
ST 21 S i- 51 SI | o*:aWMWPQ O UJZO CX^ Z —« -H —1 1 O
<<:<<!<< 1 LU | q^:umCOCOIJO O CXLLIO0 O* t—< Q Q. O | O
Cf 1 «—» « —KM O 1O I 00 O # -J 1




CM 4'c O I




— •••* j.,. 1-1 f




Nr-1 "^'^ ><-> * •« -J • {}—
a: ••— (NJfM -co «j-* —
_j — (NJrO
1 _J— «•..». •H-.J •• <\i—.—
.




_J_J —— _i CDCnJ + < _J_J
r\Jcc •> —< —*—• p-<—
-1— •« -** _»—.w
#>-_) •»<I<1 -+< »-*~l !*>«-» —»<CD
*-*• —
—I-R- -8-
-J— •* <—.— •»ro + < + *




-•-J* <i-i->i <r •—
«
^^*^ V <-*_J— —# -1
«.W— •>?*••• •«•_.••. cvjon— CD-»rr) ro^ —
_jro_j 0_J_l O—





_J | w —«_) —irouj
< • < <M<T<1 (m-k- < w-*< -HC— — +CC# — UJ 4- 4- 4- +—
+
COfMOJ •< CO_l<I
o<\ja: -tV* —CM CM * *C£ -j'M-i:- if wiS-
•* < M-H-m >o •-# -*»< -, + «-, —<o
f^tt* -*- •*-># ^^* CO—.CM t—1 4- •4.—0 _J—
_j _j—— »i\IO + ro »•— (Nl
rvii—i • <-*C\J—
'
— <i m ^ • —. »-_j Jfl +
ft »<NJ CC *<I CO + » *--jr\j ro-j— — •--»








rv co •!{-*<(\l r-*<i.C\\
-+# + • _i + H-O-* CO— ^~ «•« —
-J—* _J— _J _i—
—
5J •* ^C\J-» «•— ro
—
-r\J— —.CM— — COCO —.(\i-» ^» «^—» — r\j
CD •»«-< CD < CD-S- (\j + ro {\l_jro ro e-_J
&-J - *•
-J + •»-—_) ».f\i • •—• ». J-
o^-_i O— O"—**» -J^J _jco^ _j— <t
<r^ • cor\i • •CO —»-jt —^ — •}{—> -co^
CM* < c\Jv- •- f\i —I* CO—
<
coo< CO + O
—»— * »»—
_J *>^<» —r\i + — t + w<M •
» t-l-» <- —I—
•
«• CO-J •K- — •« (\J— tt # <M
Mb — »-ro —. c*CO — + - «-j(M TO -^ 4-













cc + <. a: - a:_) + CZCXT OCwCO CIL_J—
< 1 cm* 1 <V_J I s,M 1 •«• 1 <S!% 1 — iO






o: * * —
•








•« * •~> «- •k •• * —
-4_J CM— (Mm —
<






_J— ro^- "~> -*rf —
»
_J#
CO_J< CDJ •>— no_J_J— X CD*-< CD +CQ~ X X CO—'O
o U_—- 4- U-— _JCV! LL—wrO or u_rvj + U-_l + -y> m CC LLrM •
• lucocm U_cD-» •> xcaco V- u_a:c\j U_—»f\! • 1- }- U-arrM




a—* a* *- — O <- K — 2; C**>^r O-tr-K- — 21 s: O— -ft
0<M— O—— co O—— CO co O—
»
O-*— CO CD CD o——>
"^ it •-— ii _jr\i-;:- ii —r—i -Jt- 11 II <\J<N II —ir<V* II II II CO _l
•—
-wU CM<M_J_J rO(V(^i_J r-4 fM_J-J <fi _| ^ | _j •—
<
(\J rO-J'-o
a •*o— •a:— •-* ».oca:w *• *—^f***- «.<«»>» c- • •»—x
»-•# CD —I | CD<I -< I 1 < (NJ M<CD rNj<co<i rO m ro< 1





co x-<— X—# c£ X QC X X— X— rr DC X X X—
u. a: ..ro c£c\j—
<
cnroro< a: CXi—.Tvl Qtro—.< a: cC Qi-H.O
U- »~_J 1- ••—.•* I— •> »-i^ r— h- •• • *— »<_!•)( h- l— h- •>
LU <— _l •eU—O <JJO <I <t-i_l <_!-'0 < <i <t_J_J
o srco-* SI— "O • Til—••*• • :£ 21—'—
*
2T-.ro • 2; ^" 2T—'"^
o CD—-CD cD<ia:c\i CD<I<lf\l CD co<co CD<OCCM CD CO CQ<I<



















































































































































































































































































































l| OO'JJ I! »— tUJ
«Q.D«Q-OD
II 2" CO II Z






































>-« O oQcow in| #O # « •
+ -» -} I
~< ^ t~ ^:-^
w Z w r.
-> < »-i co:*:
LL O <«2 _J CL Off}
•.-. <I »—i<t
JfO + >• CDO
o «-»•> .-* or. w>—
i
—* s;~^ -« < -too in
tf Z - Z -> + f\i
o — •• ^ r> «
—
z^- "-• to Q- Q-°- civ. •. i— a.
-J o — s: o a. z zz zo-* 2:UJO >0 O LLCDOO 0O00 (/)0'-' O 00
2: >-*. .-. Oo. 5: 5:2: :lo»~ o s
^ —. m-. «. —. oo id id . • r>r> • ^>-*a: id
z o^<Nirim ooro ro^:ir\H-c 11 zz zoo zzoo2o< «-. z
•—» •••••• *--ciQ- 2 * * • * «"» O •**» • II II •» »• || • •» II Q. r~* *
11 ^aj«<*«< 11 ,-.-.> 11 w i! - ~ 1— «• —- » •—»—^ if 11 —3-—- 11 —>— a n
UJUJJUjZQaO") II -5"-<UJUJ^C»-iO »-UJLUUJ C£ —> <X —> >— e-LUUjt---} *-~iX. »--3UJUJUJ LU LLI iC
zdz> a. «ooa z md^ o o ^roi> oc co ~-o:d m * m odd 3 •
ZZO>- 2TZZ ZWZZOZOZ iiZZZ ooma -*->*-iZZ-*0>—*-*o—*-<zzz zoo
*-!•—
I ^4 |_ _J
_J _J _J ^)O— O.—1 •—KJ\ _l CO -J —• —••—•>—» Z CO ID fO «—«-»>-"—<^-lr-rf'0^»0 0'**'~' ,—""< •"• Z o
•— I—NwJujdJLUXCX +H-H- <-H±jc^U., OI-KI- wNi-<(MOUI-l-'Mn(JI-''OUhl-l-l- h- »-* r-*ZZ •! — • II H a. ZZ II II OZZZ II OOZZ Oct Oii2ZZ Z —
OCJO_JU.—i(NJ.-<-iOU-J DOO^O-i mouO wom-'UODO«-i<13m<ICjOo O U_ O00_J«-«ZZZQO< OOO^Q»-i COUOU QwQcDCQOOQQffiCLQ^Q-UiJO O •— Q
cof- OO OOO .-Htn OOt-< in
r\j(\! cr>co colo-m 00 co O—•—• O










*^ m .— a
H-| it —>a *^ •»
S-- h-clz r-<*-




# XI3 <J- hQ.




z • ^f :s~
o •» • *>>—4 f-4 Q.S
o ^: UJ—1 l| ^ a








a: >-*: *in UJQ.^
o CO r> ~-»—i • CXOl.^ J— >—
«
3»--«0
o CL + 1— 5Tfc-^,^H ZZ + ^u w» _)~"-<
Z-^ UJ OiOmw i/)oo-» _J OX <3: •
»» oOi^ q: CXQ.OOUJ SSI-* • - O^ >a.oo S— U-QQ. » n z> 1 h^ •_• (Nl
LU 3i-* -»i—« w^X ZZ_i v— *>«w ~ ,.—
SI ZW -» » —> -H *• —
'
1- 0-. oxoi-o
• I> *-C • OXm'n— t-ii-H-a- 0£. • in o~<.-< *•
o z HO OtNlsCOO II II CL< O<o r—^r>-x
II • II II '-U U-! 1 »">* •• »-f»H uj^_izaujuj • *• •-"v «-m
«* K- 1—~.z> 3 l- •„;••— O —
•
:d </. II idd 1— vO sC^-vO*-*








• 1JJ<'JJLU< CX >-<oco;d_j <—1 »—
«
• UJCl uu<ruj<s: oc
HH *: CC'i-<l- y- KhZI-l-Z z> h-c7>coz - .'hH H-K-Z) i-5:i-x: ID
l/> -» ooz z <-o- h_(X—.—KX h- z 11 W zz Wh-,(— mq;w* K-a
Q- u. oau u U.O.: i(J UJ uoa-j ^uu llocuj u-otxo UJZ
a »—
«
000 •—•.SU.S2U- QC ooajiQ.uu >— _£a: SLL j£LL acuj


















C THIS PROGRAM TAKES THE STORED DATA SETS AND PRESENTS A
C DIFFERENT METHOD AND/OR DISTURBANCE. THE METHODS MUST
C BE IN THE ORDER GIVEN. ALL METHODS FOR ONE DISTURBANCE
C ARE RUN TOGETHER. THE CROER FOR DISTURBANCE TYPES IS
C 1-CENTRAL, 2-UNFIROM, 3-SKEW. THE PROGRAM IS EASILY
C MODIFIED TO ACCEPT CHANGES, EG. THE EXCLUSION OF A
C DATA SET OR METHOD, OR THE EXAMINATION OF A DIFFERENT
C TIME INTERVAL.
C








C EXPLANATION OF ITEMS.
C
C NIT IS THE NUMBER OF TIME POINTS CCNTAINED IN A GIVEN
C DSET. EACH TIME A DSET IS READ IN, ITS CORRESPONDING
C NIT MUST BE READ IN FROM A CARD.
C
C JJ IS THE NUMBER OF DIFFERENT DISTURBANCES EXAMINED.
C
C JTYPE IS THE NUMBER OF DIFFERENT METHODS.
C
C TCUT IS THE LAST NORMALIZED TIME POINT.
C
C TSTRT IS THE APPROXIMATE FIRST NORMALIZED TIME POINT.
C





DIMENSION FLUXC 200) ,FTIM(200)
DIMENSION STUF(50) ,T< 50 ), HOLD ( 400 ,4}
,
DSET (400,4)
DIMENSION EXACT (50,3) ,XLIN(50,3) ,ADAM(50,3),
1 CRNK( 50,3) ,GEER(50,3)





DATA CTRrUNF ,SKW/«CENR« , 'UNIF'
,
'SKEW 1 /










205 FCRMAT (• 1 •, 10X ,' S INGLE CENTRAL DISTURBANCE'/)
207 FORMAT ( • 1 ' , 10X , UNI F ORM DISTURBANCE'//)
209 FORMAT ( • 1 ' , 10X ,
'












































































































TYPE OF DISTURBANCE IS BEING
CONSTRUCT THE NORMALIZED TIME INCREMENTS
XNUM=NUM
TCUT=.l
IF (LL .EG. 2) TCUT=.0329
X=(TCUT/TSTRT)**( 1 ./XNUM)
DO 21 1=1, NUM
T(I )=TSTRT*(X**I )
P(I)= ALCG101TC I ) )
CONTINUE
DO 86 LM=1 ,JTYPE
REAC AND WRITE ONE DATA SET IN THE RAW.
READ (5, 110) NI
READ (4) DSET
IF (LL .EC. 1)
IF (LL .EQ. 2)




































































224) ( (DSET( I ,K),K=1,4) ,1=1, NIT)
REBUILD THE DATA
ARE IDENTICAL.
SET EXCLUDING TIME VALUES WHICH
DC 06 1=1,4




PC 07 1=2, NIT
J = JK
IF ((DSET( I,1)-H0LD( J,l) )/HCLD( J,l) .LT. VAL) GO TO 07
JK=JK*1
DO 05 JIM=1,4
























DATA POINTS GOING NEGATIVE
^) .LT. .0) GO TO 25
ANY DISCONTINUITY.
M)
DO 27 1=1, NUM
STUF( I)=P( I)
27 CCNTINUE
INSURE THE LAST TIME VALUE FOR
LAST NORMALISED TIME POINT.











SCALE THE INPUT VALUES FOR THE INTERPOLATION ROUTIN
DO 30 1= 1,JK
FT IM< I ) =AL0G10(H0LD( 1,1))
FLUX(I)= (HOLD( I,M) )/SCALE
CONTINUE




































CALL ICS1VU (FLUX,FTIM,JT,NUM,STUF,H, JER)
TRANSFER NORMALIZED DSET TO APPROPRIATE CLASS AND
COMPUTE THE DIFFERENCE.
L=M-1
L ESTABLISHES WHICH POINT IN THE REACTOR IS BEING
EXAMINED.
GO TO (41, 43, 45, 47, 49), LM
CONTINUE







XLINd ,L)=STUF( I J
CONTINUE
GO TO 5 1
CONTINUE
DO 46 I=1,NUM






DO 48 1=1, NUM






DC 50 1=1, NUM














(( STUF( I ) -EXACT ( I,L) J/EXACTC I ,LJ )*100.
-SCALE
*SCALE
-EX ACT ( I,L) ) /EXACT ( I ,L) )*100.
-EX ACT ( I,L) ) /EXACT (I ,L) )*100.
*SCALE


























IF <LCNT .EQ.l) WRITE(6,244)

















LE. 2) GO TO 54















































































Q. 1) RTB(5) = CTR
C. 2) RTB(5) =UNF








EQ. 4) STUF( I)=0.
NUM
I N ( I , L)



































































C A PROGRAM TG TEST THE COMPACT METHOD







C DATA CARDS ARE REQUIRED IN THE FOLLOWING ORDER,
C
C NODY, NUMSNP ( NR NODES IN Y DIRECTION, NR SYSTEM
C NCDAL POINTS)
C
C PSI THE SET OF VALUES FOR TEST MULTIPLICATION.
C
C NUMEL NR ELEMENTS IN THE MESH
C





DIMENSION VALUE ( 50) ,MN0D(50,7) , VMATX(50, 7)
,
i BIGA( 50,50) ,ELNGD( 75,3)




119 FORMAT (« l«/////////« •)




210 FORMAT* J. 1 ,10X,'N0DE NEIGHBOR CONNECTIVITY'//)





1 5X,« K6» ,5X, 'K7' //)




'Z//10X, • THIS IS THE NUMSNP X 7 MATRIX'//)
225 FORMAT ( 1 OX, 7( F6 . , IX ) /
)
230 FORMAT ( • 1 • ///10X , * THE ELEMENT CONNECTIVITY MATRIX 1 /)
235 FORMAT ( 1 OX , I 4, 3 ( 3X , I 4 )
250 FORMAT* ' »///10X ,
'
THIS IS THE USUAL NUMSNP X NUMSNP •
1 BIGA MATRIX' //
)







,5X, ' USUAL FORM'//)
272 FORMAT ( 5X , I 2 , 7X
,





READ (5,120) (PSI ( I ) , 1=1 , NUMSN P)
WRITE ( 6,119)
WRITE (6,120) (PSI (I), 1=1, NUMSNP)
C





















6 IF(K1 .NE. NN) GO TO 7
K6=0
K7 =
7 IF(K1 .LE. (NUMSNP-NODY)) GO TO 8
K5=0
K4 =

















C READ THE CONNECTIVITY MATRIX
READ (5,110) NUMEL
WRITE ( 6,230)
DO 60 1=1 ,NUMEL
READ (5,150) (ELNODd , J) , J=l,3)
WRITE (6,235) I , ( ELNOD( I , J ) , J=l ,3)
60 CONTINUE
C
C ZERO THE 3IGA, COMPCT, AND VALUE MATRICIES.
DO 62 1=1 , NUMSNP
VALUE( I )=0.
DC 61 J=l ,NUMSNP
VMATXU , J)=0.

























DO 14 1=1 ,1
II=ELNOD(L,I )
C
C SEARCH KK ROW FOR NODE II. IF FOUND, POST THE VALUE
C TO VMATX(KK,M). OTHERWISE, CONTINUE STEPPING
























C GENERATE THE ELEMENT VALUES AND MOVE THEM INTO THE NXN
C























C WRITE OUT THE N X N.
WRITE (6,250)
DO 75 I=1,NUMSNP





C PERFORM A SIMPLE MATRIX X COLM MULTIPLICATION ON BOTH
C AND COMPARE THE RESULTS.
C
DO 72 1=1 ,NUMSNP
CCMPCT( I)=0.
DO 71 J =1,7
NAME=MNOD( I, J)






DO 41 J=l ,NUMSNP
















8. 10. 20. 30. 40.




1 1 5 2
2 5 6 2
3 6 3 2
4 6 7 3
5 7 4 3
6 7 8 4
7 9 6 5
8 9 10 6
9 10 7 6
10 10 11 7
11 11 8 7
12 U 12 8
13 13 10 9
14 13 14 10
15 14 11 10
16 14 15 11
17 15 12 11
18 15 16 12
19 17 14 13
20 17 18 14
21 18 15 14
22 18 19 15
23 19 16 15























































































THIS IS THE NUMSNP X 7 MATRIX
NODE K2 KB K4 K5 K6 K7
15. 0. 0. 0. 13. 14. 0.
96. 0. 15. 48. 81. 54. 0.
171. 0. 48. 114. 147. 90. 0.
141. 0. 80. 180. 108. 0. 0.
151. 18. 0. 0. 105. 152. 44.
458. 74. 148. 246. 279. 214. 95.
618. 134. 216. 312. 345. 276. 149.
345. 96. 284. 378. 216. 0. 0.
433. 98. 0. 0. 195. 338. 203.
93 8. 254. 352. 44<t. 477. 400. 257.
1098. 314. 420. 510. 543. 462. 311.
549. 192. 488. 576. 324. 0. 0.
709. 182. 0. 0. 285. 524. 36 5.
1418. 434. 556. 64 2. 675. 586. 419.
1578. 494. 624. 708. 741. 648. 473.
753. 288. 692. 774. 43 2. 0. 0.
585. 266. 0. 0. 0. 260. 527.
825. 614. 360. 0. 0. 286. 581.
903. 674. 396. 0. 0. 312. 635.




NODE K2 K3 K4 K5 K6 K7
1 5 2
2 1 5 6 3
3 2 6 7 4
4 3 7 8
5 1 9 6 2
6 2 5 9 10 7 3
7 3 6 10 11 8 4
8 4 7 11 12
9 5 13 10 6
10 6 9 13 14 11 7
11 7 10 14 15 12 8
12 8 11 15 16
13 9 C 17 14 10
14 10 13 17 18 15 11
15 11 14 18 19 16 12
16 12 15 19 20
17 13 C 18 14
18 14 17 19 15
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